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A function delay of   10  ±4 inches (9 inches,  nominal delay required) was 
demonstrated at 0 to 80 degrees obliquity,  2500 to ;<500 ft/s impact velocity 
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Bore safety and reliable arming within 100 feet was provided. 

Selected M1L-STD-331/MIL-S'I Ü-810B safely requirements were demonstrated. 

No self-destruct and no function against simulated ruin target was 
demonstrated. 

Projectile length,  protrusion,  weight,  and charge-mass ratio (C/M) require- 
ments were met. 

Five hundred XM714A3 fuzed projectiles wan; shipped on schedule and 
successfully demonstrated the performance envelope of the fuze in a test 
series conducted by the Air Force, 

A unit product cost estimate for the fuze was generated and furnished to the 
Air Force. 
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SECTION I 

INTRODIICTION 

This final report covers development of the XM714A3 delay function fuze and 

test vehicle 20mm HIT projectile for air-to-air combat under U.S. Air Force 

Contract F08635-76-C-013!).    The XM714A3 Mod XI final baseline fuze 

(Figure 1) contains the standard XM714A2 superquick fuze pad,  lead cup 

assembly, body and spring assembly,  and piston assembly.    Special parts 

for XM714A3 delay function include seal, base, base slide, crushwasher, 

nylon ball, and ogive.    The test vehicle projectile with the baseline XM714A3 

fuze attached is shown in Figure 2. 

During projectile setback and spinup in the barrel, the body and spring 

assembly and piston assembly setback and flatten the crushwasher.    The 

nylon ball holds the body assembly aft, and the spring forces the piston 

assembly forward during initial flight over a finite time delay.    When the 

piston assembly is forward, the rotor (contained within the body assembly) 

arms in the same manner as the   standard XM714A2 fuze.    Function delay 

on target impact is provided by the inertial response of the body and spring 

assembly which (together with crushwasher and base slide) moves toward the 

piston assembly (and firing pin) at an initial relative velocity equal to the 

velocity change of the projectile caused by target perforation. 

The key objectives of this program were: 

• Demonstrate nominal function delay of 0 inches (18 inches, maximum) 

at 0- to 80-degree obliquity, 2500- to 3500-ft/s impact velocity 

against 0.06- to 0. 09-inch (0. 06- to 0. 125-inch,  desired) 2024-T3 

aluminum targets. 

• Package fuze within 1. 2-inch-long ogive profile. 

^■■- nirrfMteia^f4n%f'tf^ 
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• Provide bore salety and reliable arming within 100 feet (5-meter 
no arm/50-uieter all arm desired di'.r   ly follow-on engineering 

development. 

• Demonstrate selected MIL-STD-331/M1L-STD-810B safety. 

• Demonstrate no self-destruct and no function on impact with simu- 

lated rain (0.0159-inch aluminum). 

*j 

Provide projectile design with following characteristics: 

Length: 

Protrusion from case: 

Weight: 

C/M: 

3. 05 to 3. 40 inches 

2,600 inches, maximum 

1200 to 1300 grains 

0. 30 minimum 

Test 175 rounds, minimum 

Provide documentation per DD Form 1423. 

•       Deliver 500 fuzed projectiles by 6 May in76. 
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SECTION II 

SUMMARY 

This XM714A3 delay function fuze/test vehicle 20mm HE1 projectile advanced 

development program for the U.S.  Air Force was begun on 21 November 

1975,  and 500 fuzed projectiles were shipped on 14 May 1976.    The first 

design review meeting was held on 10-11 December at which requirements, 

design approach, analysis, test plan and program plan were discussed and 

approved.    Certain technical risks were identified as follows: 

•      Ogive structural integrity during impact 

Projectile structural integrity during impact 

Projectile body structural integrity during HEI loading 

Fuze sensitivity against thin aluminum targets 

These risks were evaluated during an early test series in January which 

included:    (1) gun firing against the most severe required impact condition 

(3500 ft/s against 0.090-inch 2024-T3 aluminum at 80-degree obliquity) 

followed by softcatch and examination,   (2) delay function demonstration 

against the specified target impact matrix, and (3) projectile body loading 

tests at twice the required loading pressure. 

A final   .'Ij .-JTD-331 safety and gun test series was conducted in March. 

Although delay function performance was satisfactory,  it was determined that 

an arming problem had developed (reliable arming demonstrated during early 

tests) and the contractor was authorized to correct this problem before 

assembling the 500-unit delivery quantity. 

•'•' • ii iiiitlrtiiiMiMirftty^  i ftMVMif»^>**™fflröfoit1tj 
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The arming problem was resolved during a supplemental test series.    Cor- 

rective action taken was to: 

• Increase firing pin-detonator clearance from 0.0695 t 0.0185 inch 

to 0.0745 10.0185 inch to provide sufficient clearance between the 

firing pin and rotor sear during the arming sequence. 

• Anneal the 2024-T4 crushwasher to the 2024-0 condition to prevent 

washer springback after the projectile leaves the barrel. 

• Provide nylon ball(s) to lock the body assembly aft and allow arming 

to take place; i.e., aerodynamic drag on the projectile caused the 

body assembly to creep forward against the piston spring during 

flight,  causing arming failures. 

A final design review meeting was held after conduct of the supplemental 

test series.and the \M714A3 Mod X! fuze design (Figure 1) was recommended 

for delivery.    This was approved by Eglin Air Force Ha.se personnel,  and the 

following action was agreed to: 

« 
• Fabricate 20 XM714A3 Mod XI fuzed projectiles and conduct a pre- 

Lot Acceptance Test (LAT) evaluation. 

• Obtain approval. 

• Fabricate 520 XM714A3 Mod XI fuzed projectiles and conduct a 

20-shui  ^inal-LAT evaluation. 

• Obtain approval. 

• Ship 500 fuzed projectiles on 14 May 1976. 

The above actions were successful,  approved, and implemented.    Contractor 

data on this fuze configuration during pre-]..AT,  final-l.AT and certain post- 

delivery tests are summarized in Table 16 and shower! 87 percent delay 

 ^>^l.i*^»^ia^^.^~;w^.. .^»u^^^*.^. •■:^. Vhä^ 
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function on the first target and 98 percent function on either the first or sec- 

ond (O.OflO-inch aluminum) target. 

A total of 307 gun tests (267 live plus 40 inert) was conducted by ADTC 

Eglin AFB on the above defined deliverables.    The cot tractor was invited to 

witness these tests and was given access to the raw test data.    These data 

indicated (1) adequate projectile and fuze structural integrity following the 

most severe required impact conditions and (2) reliable first-target delay 

function over the major portion of both the required and desired velocity- 

impact spectrum.    When first-target delay function was not obtained,  a 

second-target function was obtained on all but the desired heavy target (0. 125- 

inch aluminum) at low angles of obliquity and high (3500 ft/s) velocity. 

Eglin AFB authorized the contractor to conduct analysis and certain post- 

delivery tests to identify the causes of the Marginal First Target Function/ 

Reliable Second Target Impact Function and High Failure Rate Area portions 

on the 3500-ft/s impact velocity performance curves (see Figure 14).    This 

was completed on 4 August.    The cause of the High Failure Rate Area was 

partial ogive deformation or swaging action which reduced piston and body 

bore diameters, thus locking the body assembly in the aft position.    Strength- 

ening the ogive by heat treatment and/or increasing wall thickness will cor- 

rect this condition.    The sensitivity problem (Reliable Second Target Impact 

Function) was caused by added friction resulting from upper body deformation 

due to lockweight centrifual force.    This can be corrected by increasing 

upper body wall thickness and reducing lockweight assembly mass (centrifugal 

force).   Questions were also raised as to whether or not the 3500-ft/s impact 

condition occurs during air-to-air combat. 

Post-delivery tests also verified projectile accuracy (standard deviation of 

radius = 0.81 mil at a 1707-inch range),   polyarylene rotating band retention 

after 28-day T&H exposure,  and long (500-meter) range delay function against 

0.125-inch 2024-T3 aluminum at a high (3700-ft/s) muzzle velocity launch 

condition (17 for 17 delay functions). 

-^^^ ^^iiMrtiMittahlfli^fflMhiiii^^ s^»* 
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A hi^h-volume cost-lo-produce study was completed and submitted on 16 July 

1976.    Costs projected below are based on a unit product cost of $0. 8!'f) for 

12 million units (1975 dollars) and an 82 percent learning curve. 

Quantity 
(millions) 

12.0 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

Cumulative 
Quantity 
(millions) 

34.4 

61.4 

86.4 

111.4 

136.4 

161.4 

186.4 

211.4 

Unit Cost 
(dollars) 

0. 899 

0. 770 

0. 683 

0. 628 

0, 589 

0, ,558 

0, .534 

0 .514 
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SECTION III 

DESIGN ANALYSIS 

REQUIREMENTS 

An abbreviated summary of technical requirements is as follows: 

Incorporate a delay function in the XM714 fuze to permit the projec- 
tile to completely penetrate the aircraft skin prior to detonation. 

The fuze shall be compatible with the 20mm M61 Mann barrel gun 
environment. 

The fuzes shall be delivered with physically and functionally com- 
patible test vehicle projectiles. 

Mann barrel test firings of 175 rounds minimum are required before 
delivery. 

The tests shall demonstrate fuze survivability,  sensitivity, delay 
function time,  MIL-STD-safety,  and reliable arming. 

Fuze ogive length shall be no longer than 1.2 inches. 

The fuze shall function after complete projectile target perforation 
under the following conditions: 

Target Material: 2024-T3 aluminum 
Target Thickness (req'd): 0.060 to 0.090 inch 
Target Thickness (desired): 0.060 to 0. 125 inch 
Impact Velocity: 2500 to 3500 ft/s 
Obliquity: 0 to 80 degrees 

The fuze shall be capable of functioning against 0.040-inch 2024-T3 
aluminum at 0-degree obliquity and a velocity of 1000 ±100 ft/s. 

The fuze shall function on fuze breakup. 

Maximum travel time between projectile penetration and fuze function 
shall be 0.6 millisecond (18 inches) under the above listed conditions. 
The nominal delay shall be 0. 3 millisecond (9 inches), and variance 
about the nominal shall be minimized. 

\ 
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The fuze is not required to function after projectile ricochet. 

The fuze shall not contain any self-destruct mechanisms. 

The fuze shall not function against 0. 0159-inch 2024-T3 aluminum 
plate at 0-degree obliquity (simulated rain). 

The delivered fuze shall be bore safe and shall arm within 100 feet 
from the gun muzzle (arming range of tactical fuze design of 5 to 
50 meters desired). 

The fuze shall be safe to handle and functional when delivered to 
the sponsor. 

The ammunition shall meet requirements of: 

M1L-STD-331,  Test 101,  Jolt 

M1L-STD-331,   Test 102,   Jumble 

MIL-STD-331,   Test HI,   Five-Foot Drop 

MIL-STD-331,  Test 115,   Static Detonator Safety 

MIL-STD-331,  Test 108.   Waterproofness 

MIL-STD-810B,   Method 509,   Salt Fog 

MIL-STD-810B,   Method 514. 1  Vibration,   Procedure II, 
Part 3,   Curve AF 

MIL-STD-810B,   Method 518,  Temperature-Humidity-Altitude 

The final fuze reliability goal shall be 0. 999. 

The projectile shall be 3.05 to 3.40 inches long.    The distance 
from behind the rotating band 'top of case neck) to the tip of the 
fuze shall not exceed 2,600 inches. 

The test vehicle projectile and fuze assembly shall have a nominal 
weight goal between 1200 and 1300 grains with a ±30-grain tolerance 
about the nominal. 

10 
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•      The ratio of explosive charge weight to shell body weight shall 
be maximized,   with a goal of 0. 30 minimum excluding the fuze. 

DESIGN APPROACH 

Description 

The final baseline XM714A3 Mod XI fuze and test vehicle projectile with fuze 

attached delivered under the contract are shown in Figures 1 and 2.    The 

test vehicle cartridge with recommended propellant loads for velocities of 

interest is shown in Figure 3. 

The XM714A3 delay function fuze is a modification of the standard XM714A2 

fuze currently scheduled to replace the M505A3 fuze on the 20mm M56 HEI 

projectile and provide fuzing for the 25mm Bushmaster HEI round.    The 

XM714A3 fuze uses many of the same internal components as the Army- 

developed XM714A2.    The XM714A2 is a double-acting fuze.    It has a nose 

probe for superquick point impact function and a movable detonator housing 

that provides a delay function as it carries the detonator to the firing pin in 

graze or self-destruct modes.    In the XM714A3 fuze, the superquick probe is 

eliminated, and the entire fuze function is dependent upon the inertial delay 

action of the movable detonator assembly.    The key fuze signature is the 

velocity loss (AV) of the projectile as it penetrates or ricochets from typical 

aircraft skin thicknesses.    Specific changes to the XM714A2 include: 

• Replacing the setback spring with a crushwasher. 

• Replacing the two steel self-destruct balls with one glass-filled nylon 

ball. 

• Eliminating the superquick (SQ) probe assembly (three parts) from 

the ogive. 

11 

fc^a^^^^^^*^^ 
IjnatKArM,',!..»!.,.».-!^, ü,^,^....,^.., . 



12 



r^ v --- • n •-•i'i.i vv«wm-.m.m'iwwimimvif- imwrnm'«'*"* iJ«ijiiV.iiMWpi<ijjiiii,i,iliiiiii|iHj.piiipiiyi|.Mii<ai|i»iMi)iiil,p,.iiiiiili,li|i,,|ll|i,||   ,,1^ n, mp^ii 

• Adding a base slide to increase fuze sensitivity by increasing body 

assembly effective mass. 

• Redesigning the ogive to provide increased strength by increasing 

thread size from n/16-32 to 5/8-32.    The base is threaded onto the 

ogive to improve fuze strength to better withstand the high setback 

(gun), and target impact loads associated with the lighter projectile. 

To illustrate the degree of similarity to the XM714A2,  both fuzes are 

diagrammed in Figure 4.    The shaded areas show the commonality. 

Operation 

The XM714A3 delay function fuze is shown in its safe,  setback, armed, and 

detonation operational modes in Figure 5.    The fuze is subjected to high spin 

and acceleration as the projectile travels down the barrel.   These forces 

cause both the piston assembly and body assembly to setback,  permanently 

deforming the crushwasher.   Air originally in the bottom of the fuze is dis- 

placed through ports into the chamber above the piston.    High spin forces 

occur almost simultaneously with the setback force,  causing the centrifugal 

lockweights to move against their springs.    This removes one constraint on 

the rotor in the safe position.    Centrifugal force also causes the rubber piston 

seal to spin out against the inner bore of the ogive to provide the necessary 

sealing of air. 

As the projectile exits the muzzle, the acceleration force dissipates, and the 

piston is free to move forward under forces exerted by the piston spring.    A 

finite time that can be controlled is required for the piston to move forward 

fully since air must move through the porous metal restrictor.    This action 

provides an arming delay of 5 to 50 meters over a temperature range from 

-60° to fl55 F in the 20mm projectile environment. 

13 
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XM714A2 XM714A3 

APPLICATION 

COMMONALITY 

COMPONENTS 
MACHINES 

'/i/ii/iA 

M50 SERIES AMMO 
GAU-8 

> 90 PERCENT 
> 90 PERCENT 

A-A 
S-A 

■, 80 PERCENT 
. 90 PERCENT 

Figure 4.    Fuze Commonality 
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When the piston reaches the forward position,  the firing pin withdraws from 

the rotor and allows it to rotate to the armed position.    Centrifugal force 

acting on the roller weight causes it to move into a groove and lock tin- rotor 

in the armed position.    The fuze is fully armed when the detonator is in line 

with the firing pin and the lead assembly. 

Detonation (see bottom view of Figure 5) occurs when the armed fuze encoun- 

ters the following: 

•       Delay Function on Soft (Aluminum) Targets -- Impact and perfora- 

tion of aircraft targets causes projectile deceleration and a velocity 

change (AV).    This velocity change causes the body assembly to 

move forward toward the piston assembly at an initial velocity (with 

respect to the ogive) equal to hV.    This causes the detonator to 

impinge the firing pin attached to the piston assembly.    The detona- 

tor functions,  initiating the lead assembly and main charge.    Func- 

tion delay results from the summation of the inertial triggering time 

and detonator initiation time. 

• 

• 

Superquick Function on Hard Targets -- Impact against hard targets 

causes the ogive to crush,  driving the piston assembly,  with firing 

pin attached,  to the rear.    This causes superquick initiation of the 

detonator and explosive train.    This target discriminating feature 

assures that function on hard targets is not defeated by projectile 

ogive structural failure. 

Graze Function -- During graze impact, the projectile experiences 

forces perpendicular to the spin axis as well as deceleration forces 

along its axis.    The ogive digs into the target,  and the resultant 

axial deceleration and £.V triggers the fuze as described above under 

Delay Inunction. 

l(i 
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Trajectory Safety and Long  Range Function -- If no target is en- 

countered within the anticipated tactical range,  no function will 

occur until the projectile flight is terminated.    Restrained by the 

ball and piston spring,  the body assembly will not impinge the 

detonator until the projectile hits the ground or some other media. 

Secondary Impact Function -- Should the projectile impact a very 

soft portion of the target,  sucli as 0.020- to 0.040-inch aluminum, 

the fuze would still function internally to the aircraft due to secondary 

impacts with fuel cells,  fuel,   inside walls,  stringers,  etc. 

TECHNICAL RISKS 

The technical risk areas in meeting the stated requirements were identified 

so that analysis and evaluation activity could be focused on these areas during 

the program.    Risk areas were identified as follows at the beginning of the 

program: 

• Ogive Structural Integrity During Impact -- The proposed technical 

approach included selection of a conservative,  heat-treatable, high- 

strength stainless steel alloy (17-4PH,  Condition H925) and evalua- 

ting this material using ogives of three wall thicknesses,   (0.03, 

0.04,  and 0.05 inch) during early tests.    An alternate material 

(carbon steel, hardening grade,  AISI Type C1144) was also success- 

fully evaluated and incorporated to reduce high-volume unit cost. 

• Projectile Structural Integrity During Impact -- The proposed test 

vehicle projectile was successfully evaluated during early tests. 

• Projectile Body Structural Integrity During HIT Loading -- Projectile 

body wall strength during 30, 000-psi LCA 1 loading operations was 

demonstrated with a factor of safety of 2.0 (60,000 psi) during early 

tests. 
17 
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Fuze St'nsitivity Against Thin Aluminum gargets -- High-velocity 

(3500-ft/s) impacts at O-dogree obliquity against thin (0.063-inch) 

2024-T3 aluminum targets produced sensitivity failures.    This can 

be corrected by increasing body assembly (or slider) mass or 

replacing the crushwasher with a setback spring. 

DELAY FUNCTION ANALYSIS 

During the program,  the XM714A^ delay function sensitivity was continually 

monitored,  and computer math models were updated so sensitivity could be 

predicted and understood.    A program called "PRO.TDV" was used to deter- 

mine the change in projectile velocity (/vV) produced by target impacts at 

0-degree obliquity.    This program was based on 20mm M55 projectile firings 

against 0.020- to 0.125-inch 2024-T3 aluminum targets and computes pro- 

jectile &V as a function of target thickness,  projectile initial impact velocity, 

target density,  projectile diameter,  projectile weight,  and target shear 

strength.    Various computer programs for fuze function sensitivity were 

developed as follows: 

• DELAY - For crushwasher-equipped fuzes with no balls 

• DAWDLE - Same as above except piston rebound motion included 

• FUNDEL - For setback-spring-equipped fuzes with balls 

These programs print out firing pin energy,  delay time, and delay distance 

as a function of firing pin-detonator clearance.    A sample output of FUNDEL 

is presented in Figure 18.    The above fuze sensitivity programs show good 

correlation with observed experimental data. 

18 
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ARMING DKLAY ANALYSIS 

The contractor is confident that an arming delay of 5 to 50 meters can be 

designed into the XM714A3 fuze during follow-on engineering development. 

Since the objective of this feasibility program was to demonstrate and deliver 

r»00 delay-function-fuzed projectiles,   it was agreed that the fuze be bore safe 

and arm within 100 feet of the gun muzzle.    This was accomplished by remov- 

ing the rubber piston seal from the piston assembly which allowed air to move 

around the piston assembly during arming. 

PHYSICAL PARAMETERS 

Fuze and projectile physical and lethality parameters are presented in 

Table 1.    These characteristics are for the deliverable items,  i.e., XM'714A3 

Mod XL-fuzed projectile.    The function delay changed from 7.5 ±2.5 inches 

to 10   t4 inches when nylon balls were added (i.e.,   firing pin-detonator 

clearance increased). 

OGIVE MATERIAL STUDY 

A study of alternate materials for the ogive was conducted. 

The objectives of this study were (1) to determine if 17-4PH stainless steel 

would lend itself to follow-on engineering development and high-volume pro- 

duction and (2) to consider other candidate ogive materials.    The following 

materials were considered in this study: 

C1117 

CU18 

CT144 

Carbon steel/carborizing grade 

Carbon steel/carborizing grade 

Carbon steel/hardening grade 
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TABLE 1.    FUZE AND PROJECTILE ASSKMHLY 
CHARACTERISTICS 

I                                                                   FU7.V.                                                            i 

i        Weight 4.S() grains             | 

CG (shoulder) 0  193 inch 

j        Polar Moment 0. 0031Ü lb-in2 

*        Trany. Moment 0.01258 lb-in2 

Projectile Assembly                             | 

i      Lethality: 

•   Function Delay 10 ±4 inclies           1 

1            •   HEIMix |            193 grains 

1            •   C/M 0. 342                         | 

|      Weight Breakdown: 

45ü grains               1 |            •  Fuze 

|            •   Body 504 grains               | 

j            •   Band 13 grains                  \ 

|            •   HEIMix 193 grains                I 

|            -   Total 122Ü grains               j 

1      Other: 

j            •   CG (base) 1.2 5 inches             1 

|            •   Length 3. 05 inches             1 

•   Protrusion 2. (JO inches             \ 

|            •   Polar Moment 0,014 lb-in2           | 

|            •   Trans.  Moment 0. 109 lb-in2           j 

20 
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R1212/1U213 I'Vee-cutting carbon steel 

4130 l.uw-alloy steel 

4130L Low-alloy steel/leaded for machinability 

17-4PH Age-hardening stainless steel/Condition A 

17-4P1I Age-hardening stainless steel/Condition II925 

303/30;^ Se Austenitic stainless steel 

416/416 Sc Marlensitic stainless steel (best machinability for stainless) 

These materials are compared on the basis of cost, machinability,  strength, 

availability,  and other factors in Table 2.    At the bottom of Table 2,  each 

material is given an overall statistical rating by assuming cost, machinability, 

and strength are of equal importance (30 percent each) and availability of 10 

percent importance.    An ideal material would have an overall rating of 100 

percent (30 + 30 + 30 + 10 = 100).    These percentages were multiplied by a 

conformance factor which was defined as follows for each parameter: 

Material cost factor = (cost of C1144) 4- (cost of material) 

Machinability factor = (machinability) -r 100 

Strength factor = (tensile strength of material) 4- (tensile strength of 

17-4P11 Condition HÜ25) 

Availability factor = 1.0,   if stocked,  and 0,   if not stocked 

Hardening-grade carbon steel A1SI C1144 received the highest statistical 

rating at 86 percent.   It was selected as an alternate ogive material because 

of its low cost,  good machinability,  reasonably high strength, and availability. 

Also, the contractor has considerable experience with this material as it is 
currently used for making XM714A2 ogives and GAU-8/A TP (target practice) 

projectile bodies.   During high-volume production, an eddy current check 

may have to be specified to detect cracks.    This, however,  would be required 

with all of the low-carbon steels considered (C1117, C1118, C1144, and 

B1212/B1213). 

21 
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A small quantity of CI144 ogives having 0.04- and 0.06-iach wall thickness 

were fabricated for early testing with the baseline 17-4PH stainless steel 

ogives,  and comparisons were made.    Early test results are presented in 

Section IV. 

STRESS ANALYSIS 

The test vehicle projectile body was analyzed for stress during gun launch. 

This analysis was based on a computer program which has been verified by 

extensive test firings of thin-walled 4130 steel projectile bodies.   Allowable 

dynamic stress loads between 2-1/2 and 3 times the static tensile strength 

have been verified by test.   This means that 4130 steel, heat treated to RC37- 

42 (S tensile = 166 to 104 kpsi), would have dynamic tensile strengths above 

415 kpsi.    Projectile body stress calculations are below this level as shown 

for 60-kpsi propellant peak pressure: 

Stress (projectile base) = SR 12 = 272 kpsi 

Stress (aft of band) = SRA = 392 kpsi 

Stress (forward of band) = SRF = 322 kpsi 

Stress (fuze junction) = SRC = 101 kpsi 

No permanent deformation 
observed during gun 
launch/softcatch tests 

Stress levels were calculated on the thinnest projectile body wall section dur- 

ing 30-kpsi explosive loading operations assuming a uniform thickwall cylin- 

drical section with results as follows: 

(S.).     ., t inside 
= (30000)   <0.3915)2

q   M0. 334)^   __ 1!)0 kpsi 

(0.3915)'   - (0.334)' 

.2 
(S.)    ,  . ,    =2 (30000) t outside 

(0.334) 

(0.3015r " (0.334) 
^   = 160 kpsi 

n 
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Actual stress levels are considerably below these values because sections aft 

and forward of the thinnest body wall section are thicker.    This was later 

verified during early 1ests; i.e.,  no permanent deformation occurred during 

explosive loading operations at twice (60 kpsi) the pressure. 

HAZARD ANALYSIS 

A hazard analysis for the XM714A3  fuze  was performed which included the 

following tasks: 

• Review of XM714A3 safety features against the requirements of 

MIL-STD-1316A,   Criteria for Fuze Design Safety, 

• Revision of safety fault tree diagrams on the XM714 fuze to reflect 

the XM714A3 changes. 

• Investigation of XM714 fuze safety aspects that could be affected by 

changes planned for the delay version, XM714A3. 

A detailed final report on this analysis is included as Appendix A.   The 

general conclusion of this report is that the XM714A3 delay fuze meets all of 

the fuze design safety criteria appropriate to the intended application. 
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SECTION  IV 

FUZE EVALUATION 

PLANNED VERSUS ACTUAL TESTS 

The contractor's original approved test plan is shown in Table 3,   It called 

for 230 tests.   Planned quantities are compared with actual test quantities 

below: 

Planned Actual 

Early Tests 

Final Tests 

Supplemental Tests 

Pre-LAT 

Final-LAT 

Post-Delivery Tests 

Subtotal 

Miscellaneous Lab Tests 

Total 230 424 

EARLY TESTS 

Early tests included 37 structural impact gun tests and 42 all-up round delay 

function gun tests (37 + 42 = 79 as shown above).    The 51 miscellaneous 

laboratory tests conducted during the program are also discussed in this 

section. 

80 79 

120 120 

0 44 

0 20 

30 20 

0 90 

230 373 

0 51 
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Structural Integrity Clun Tests 

Kuze ogive and projectile structural integrity were evaluated at the worst 

impact condition [defined as maximum velocity (3500 ft/s +) - maximum 

2024-T3 aluminum target thickness (0.00 inch) - maximum obliquity (80 deg)J 

by firing 25 rounds through the target.    Klash x-ray pictures were taken after 

target perforation followed by softcatch (polystyrene beads) recovery followed 

by dimensional analysis.    Kuze variations were evaluated as defined in Fig- 

ure 6 and Table 4.    These included two ogive materials (17-4PH stainless 

heat treated to condition H!)25 and C1144 steel heat treated to Rockwell 

RC 22-30),  three ogive wall thickness (0.03,  0.04,  and 0.05 inch),  and two 

internal arrangements (inertial and ball-release inertial).    The fuzes were 

equipped with live detonators and inert (solid aluminum) leads so fuze function 

could be evaluated.    The projectiles were inert filled. 

The 25 cartridge cases were loaded with a 40-gram charge of Olin WC870 

propellant and crimped to the projectile and fuze assemblies.   The targets 

were placed 100 feet downrange from the gun muzzle.   Gun firing data are sum« 

marized in Table 4.    Conclusions were as follows: 

(1)    Units were tested at velocities higher than specified (3500 ft/s) as 

shown below: 

Fuze Ogive p^ecfüe       Sample      Average Range in 

Wall Thickness fx?^ ul ^P16      Velocity Velocity 
(in) ,Wei*h\ Slze (ft/s) (ft/s) 

(grains) 

0.03 1158       5      3665     3715-3610=105 

0.04 1185       0      3635    3675-3570 = 105 

0.05 1220       8      3625    3675-3580= 95 
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(2) Hoth 17-4PII and C1144 ogives with wall thickness of 0. 03 and 0. 04 

inch failed on impact with 0. 09-inch 2024-T3 aluminum targets at 

BO-degree obliquity; however,  the detonators functioned properly 

into the leads on most units.    The 0. OS-inch-walled 17-4P1I and 

C1144 ogives withstood 0. OD-inch,  80-degree impacts.    The CT144 

ogive with 0.05-inch wall was selected for follow-on fabrication and 

delivery as it provided the best performance (see units 21-25, 

Table 4) and because of its low cost and excellent machinability 

(see Table 2). 

(3) Certain changes were made to the C1144 ogive to further increase 

structural integrity during impact.    These changes included addition 

of 0, 015 to 0. 005 H fillets in the piston and body assembly bore and 

increasing the minor thread diameter. 

(4) Only one arming failure was noted in 25 shots.    This appeared to be 

caused by deformation of the glass-filled nylon upper body during 

setback. 

A second,   12-shot,  softcatch test was conducted at high and low velocity to 

analyze structural integrity of internal parts because of the deformation 

noted in (4) above.    The test plan was as follows: 

WC870 
Qty        Propellant 
       Weight (gm) 

3 

3 

3 

3 

40 

40 

25 

25 

Velocity 
(ft/s) 

3700 

3700 

2500 

2500 

Kuze Design 

Haseline Inertia 1,  per Figure 6   IVIoc! P. 

Alternate Ball Release Stored Energy per 
Figure 6 (Mod fl). 

Baseline hiertial per Figure 6 /Mi d I). 

Alternate Ball Release Stored Energy per 
Figure 6 (Mod ID. 
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Each of the four above defined three-unit groups consisted of two fuzes with 

lockweights and one without iockweights. All 12 fuzes contained inert deto- 

nators and leads and were attached to 1 ill-filled projectiles. The units were 

fired into a polystyrene-bead-filled catcher placed 100 feet downrange from 

the gun muzzle. Projectile velocity was determined using coils placed 18 and 

28 feet downrange from the muzzle. Projectile accuracy was monitored for 

high- and low-velocity units with results as follows: 

• At 3700 ft/s:   average mean radius = 1. 10 mil at 100 feet 

• At 2500 ft/s:   average mean radius = 0.60 mil at 100 feet 

These accuracy values did improve with the end item because a consistent 

ogive wall thickness (consistent projectile weight) was specified; i.e.,  wall 

thickness of 0.03 to 0.05 inch produced projectile weight variations of 1158 

grains to 1226 grains respectively. 

Fuze design,  velocity at 23 feet downrange,  and softcatch recovery measure- 

ments (before and after test) are given in Table 5.    Conclusions were as 

follows: 

(1) All fuzes were fully armed at entry into catcher.    This was evi- 

denced by the firing pin imprinting the center of the inert detonator. 

(2) Crushwashers deformed properly under setback loads.    Washer 

thickness was 0. 026 inch minimum, and the outside diameter was 

0.487 inch maximum.    There was no difference between high- and 

low-velocity units. 

(3) Lower body deformation from setback loads does not prevent rotor 

arming or restrict body assembly movement during delay function. 

Imprints of the rotor and roller weight, in the out-of-line position, 

were evident in the lower body.    Heavy imprints,  0.005- to 0.010- 
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inch deep,  were evident in the hi^h-velocity units,   with less severe 

deformation in the low-velocity units.    The lower body surface 

deformation caused the external diameter to increase by 0.0035 inch 

to a maximum of 0. 484 inch.    This leaves a 0. 006-inch minimum 

clearance, based on a 0, 400-inch-diameter ogive bore.    There was 

no significant difference between spring and crushwater supported 

units. 

(4) Lower body deformation from setback loads will increase firing-pin- 

to-detonator clearance.    The rotor imprints [Conclusion (3)1 will 

allow the rotor to set deeper when in-line, thus increasing the 

firing-pin-to-detonator clearance by the amount of lower body defor- 

mation (up to 0. 010 inch for high-velocity units). 

(5) Some upper body damage occurs from softcatch.    Upper body damage 

(cracks and deformation) location and type indicate the rotor was 

armed and the body assembly forward when the worst damage 

occurred,    Evidence indicates that extremely high forward and side 

loading on the upper body occurred as caused by rapid deceleration 

and tumbling in the softcatcher.    Some evidence of upper body defor- 

mation caused by lockweight was also noted.    This later proved to be 

a significant factor in reducing fuze sensitivity. 

(6) The surface area of the lower body support post contributes to the 

degree of upper body deformation.    The surface area of the lower 

body post varied considerably,  and,  in general,  those with less 

area produce greater upper body damage from setback and/or set 

forward loading. 

Delay Function Gun Tests 

The test setup for this 42-shot test is shown in Figure 7.    Photographs taken 

during this test series are presented in Appendix B.    Data are summarized 
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in Table 6,   which also defines the first three XTVI714A^ fuze design modifica- 

tions evaluated (IViods I,   II and 111).    These fuzes were evaluated at high 

(3500-ft/s) and low (2500-ft/s) velocities against the required 0.063-  and 

0. OnO-inch 2024-T3 aluminum targets at 0-  and  80-degree obliquity.    Also, 

high-velocity shots were conducted against simulated rain (0. 0159-inch 

2024-T3 aluminum at 0-degree obliquity) and against the desired 0. 125-inch 

2024-T3 aluminum target at 80-degree obliquity. 

FLASH X-RAY 

VELOCITY COILS 

GUN H 
— 18 FT -Llü :H 

100 FT 

FIRST TARGtT 

SECOND TARGET 
(0.09 INCH ALUM) 

Figure 7.    Test Setup - Delay Function Gun Tests 

Fuze variations not defined in Table H  included use of both C1144 and 17-4P11 

ogives with wall thicknesses of 0.03,  0.04 and 0.05 inch.    The thin-wall 

ogive units were fired against thin (0.063-inch) aluminum targets.    The ogives 

used in these tests were left over from the structural impact gun test de- 

scribed above.    Ogives for final tests,   I.AT,  delivery,  etc.,  were fabricated 

from C1144 carbon steel with 0.05-inch walls as recommended earlier. 

The XM714A3 Mod I provided delay functions on either the first or second 

target in 20 of 22 trials,  excluding the four units fired against the simulated 

rain target (see Table 6).    This would indicate a high function rate within an 

airplane target,  as more than one impact would result from a hit.    One of the 
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two failures functioned high-order on a third targe! (stoel plate),  indicating 

a sensitivity-type failure.    The other unit failed againsl both 0, OOO-ineh 

aluminum,  80-degree obliquity and U.0!)0-inch aluminum,  ü-degre«: obliquity 

impacts because the fu/e broke (jff before detonation function occurred.    The 

fuze ogive threads were modified (strengthened) to prevent this type of struc- 

tural failure in later fuze modifications (Mods IV through XIV).    All units 

armed properly as verified by flash x-ray,   and all units which functioned 

went high-order.    All first-target functions were delay functions (this later 

proved to lie true for all fuze modifications evaluated). 

The XM714A3 Mod II provided greater sensitivity than Mod I because the 

crushwasher was replaced with a '!. ü-pound maximum (at 0.05 inch) setback 

spring (see Table ß).    'two nylon balls held the body assembly aft during 

flight before impact.    This design was not evaluated further,  however, 

because the setback spring could cause the fuze to self-destruct the round 

when the spin decays from 2288 rev/s to approximately 000 rev/s (spin delay = 

1300 to HfiO rev/s at 4000-meter slant range depending on aircraft velocity). 

The Air Force did not desire a self-destruct feature in the fuze. 

The XM714A3 Mod 111 also provided greater sensitivity.    This was accom- 

plished by reducing firing pin-detonator clearance from 0. 08f>5 ± 0. 0185 inch 

to 0. 0605 i 0. 01 85 inch and improving lubrication.    At the 0.063-inch alumu- 

minum,  0-degree obliquity,  2500-ft/s impact condition,   sensitivity improved 

from 20 percent (Mod I) to 80 percent (Mod TIT).   At high-velocity impacts, we 

would expect a sensitivity level against 0. 090-inch aluminum to approach 

50 percent at 0-degree obliquity.    High-velocity impacts against 0.0625-inch 

aluminum at 0-degree obliquity would be less than 50 percent.     Tt was, there- 

fore,  concluded that additional modifications to the fuze are desirable if the 

impact sensitivity requirements are to be met. 

The 10-shot XM714A3 Mod 111 sensitivity gun test data were further analyzed, 

and delay function distance was determined fvi/m x-ray and witness panel 
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data.    Distances of 5. 3 to 0. 8 inches were determined.    Longer delay dis- 

tances were achieved when the nylon ball was introduced in fuze Mods VIII, 

IX, and XI through XIV.    These data allowed certain minor revisions to be 

made to the delay function computer mathematical model so modified fuze 

designs could be studied.    The revised computer program showed good agree- 

ment with experimental results. 

LABORATORY TESTS 

Five laboratory tests were conducted during the program as discussed in the 

following paragraphs. 

Explosive Loading Tests -- Projectile body structural integrity during 

30, 000-psi LCA 1 HLI loading operations was one of the risk areas identified 

and analyzed.    Projectile body diameters at various locations (Figure 8) 

were monitored at consolidation pressures up to 60,000 psi with no permanent 

deformation noted (Table 7).    This same 60, 000-psi test was repeated with 

two additional projectile bodies with similar results.    Diameters were moni- 

tored on all 75 projectiles loaded for early tests,  using a 30, 000-psi consoli- 

dation pressure with no permanent deformation noted.    It was concluded that 

the strength of the projectile bodies during explosive loading operations is 

adequate by a factor of safety greater than on* nnn ::: 2.0. 

Detonator Seng-itivity -- A lS)-shot detonator sensitivity laboratory test was 

conducted to verify that the miniature stab detonator all-fire energy is 1.25 

in-oz when the standard XM714A2 firing pin is used.    The test was conducted 

as shown in Figure 9.    Since all units (1^ of 19) functioned,   it was concluded 

that observed sensitivity failures are not caused by insensitive detonators. 

Ogive Lubrication -- The revised C1144 carbon steel ogives used for final 

tests and delivery were cleaned and zinc plated per finish No.  1.9.2.3 of 
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Figure 8.    Projectile Body Strength Test Locations 
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TEST OBJECTIVE:    DETERMINE IF THE XM714 DETONATOR INITIATES RELIABLY AT 
1-1/4 IN-OZ ENERGY WHEN TESTED WITH ACTUAL FUZE HARDWARE. 

TEST PROCEDURE:  DROP A 1/4-OZ WEIGHT 5 INCHES ONTO THE PISTON ASSEMBLY OF 
A MODIFIED FUZE AS SHOWN BELOW. 

0.30IN 

1/4 OZ WEIGHT 

5.0 IN 

PISTON ASSEMBLY 
LESS SEAL 

A2■■ OGIVE (MODIFIED) 

BODY ASSEMBLY WITH 
ROTOR CEMENTED IN-LINE 

 SETBACK WASHER (3) 

TEST RESULTS:       19 UNITS TF.STED - ALL FUNCTIONED 
PROPERLY AT 1-1/4 IN-OZ. 

Figure Ü.    Detonator Sensitivity Test Details 
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MIL-STD-171 (0. 0002-inch-thick eloctro-deposited zinc).    Uniform plating 

of the 0,490- and 0,380-inch inside-diameter portions was not achieved usini. 

standard plating practices,  and rust had formed.    A salvage analysis was 

conducted to determine a process for removing the rust and minimizing fric- 

tion of the body assembly as summarized in Figure 10.    Bead blasting fol- 

lowed by application of McLube 1720 vV followed by Molybuffinga resulted in 

friction coefficient reductions from f - 0,45 to 0.54 to f = U. 11 to 0. 16 as 

presented in Table 8.    This process was specified and used on all ogives for 

testing and delivery.    During follow-on development,   special plating fixtures 

may have to be developed to allow good circulation of the plating fluid in the 

inside-diameter portion of the ogive.    Specification of clectroless nickel 

coatings may also be considered. 

Crushwasher Static Force Tests -- During final gun testing of fuze design 

modifications 1V-VII,  it was determined that the crushwasher would spring 

back to a height of 0, 050 inch after setback (0, 030 inch desired).    This 

caused arming failures.    Annealing the 2024-T4 aluminum crushwashers to 

condition 2024-0 corrected the springback problem.    Force tests were con- 

ducted on two annealed crushwashers with results as shown in Figure 11, 

Maximum force was 72 to 77 pounds which corresponds to a setback level of 

^n' 005?^ + 6 rtnl44^  = ^, 000 to U.OOO g required to flatten the crushwasher 
during gun launch (note:    0. 00573 + 0, 00144 pound = body assembly + piston 

assembly weight).    This corresponds to 20, 000 to 26, 000 g to flatten the 

earlier 2024-T4 designs (four tests). 

a   A buffing process using Moiykotr 
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Y/zzz&ZZZ&zzz 

P     BREAKAWAY FORCE 
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J  5-LB HUNTER 
1  FORCE GAUGE 

M        W 

Figure 10.    Ogive Salvage Analysis Test Setup 
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Figure 11.    Annealed Crushwasher Force Test Results 

Projectile Body Hardness -- The effect of plastic banding operations on pro- 

jectile body hardness was determined on a sample of 18 units.    The hardness 

requirement of the projectile body before banding is Rockwell C37 to C42, 

The measured hardness values before and after banding are presented in 

Table   9.    A reduction in average hardness from RC41 to KC39 is apparently 

caused by projectile body preheating to 500 to 600°F during banding operations. 

Only 11 of 18 and 8 of 18 met the hardness specification before and after 

banding,  respectively.    Hardness deviation from specifications did not cause 

any projectile integrity problems during gun launch in 352 tests.    Additional 

gun testing at overpressure will be required before recommending changing 

the hardness specification from RCT-iT to RC42 to,  say,   KC33 to KC45. 

FINAL TESTS 

The 120 final test units contained sliders (to increase body assembly effec- 

tive mass),  improved Molybuff lubrication,  and reduced clearance to improve 
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TABU': 9.    EFFECT OF PLASTIC BANDING OPERATIONS 
ON PROJECTILE BODY HARDNESS 

Unit No, 

Rockwell Hardness                   | 

Before Banding      ! After Banding   1 

1              1 RC41 RC41 

1              2 RC45 RC42 

3 RC43 RC43 

4 RC42 RC40 

5 RC45 RC44 

6 RC46 RC4f)           j 

7 RC37 RC34 

8 RC39 RC33 

9 RC39 RC32 

10 RC43 RC43          | 

11 RC43 RC41 

12 RC37 i                 RC3G          1 

13 RC43 RC35          j 

14 RC39 RC38          1 

15 RC40 i                RC42 

16 RC41 RC40 

17 RC38 RC40          | 

18 RC39 j                 RC34           I 

i     Average RC41 \                RC39          | 
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sensitivity over that observed for early test units.    Spi-cifir design and lest 

quantities were as follows: 

• 40 units -     l'"u/,e Mod IV per Figure 1 were TVI1L-STÜ safely tested 

(8 tests x 5 units/test = 40) followed by inspection of 

21 units and delay function gun testing of 10 units per 

Figure- 7 and Table 10, 

• 20 units -    Fuze Mod V per Figure 1 were delay function gun tested 

per Figure 7 and Table 10. 

• 5 units -     Fuze Mod VI per Figure 1 were delay function gun tested 

per Figure 7 and Table 10. 

• 55 units -     Fuze Mod VU per Figure 1 were delay function gun 

tested per Figure 7 and Table 10. 

MIL-STD safety testing involved evaluating five units each of Fuze Mod IV for 

each of eight MIL-STD safety tests with results as follows: 

• Jolt (Test No.   101 of Mil .-STD-331) - Five of five units were 

inspected and passed the test. 

• .lunible (Test No.   102 of Mil .-STD-331) - Three of five units passed 

the test.    The other two units came apart in the jumble box,  i.e., 

base unscrewed from ogive as defined in the assembly drawing 

(see Figure 1).    Application of an adhesive to the base threads or 

staking the ogive-base threads after assembly would prevent this 

problem.   On the deliverable units,  the fuze is assembled with 

sealing and locking compound applied to the fuze/projectile threads. 

Unscrewing of the base cannot occur under these; conditions. 
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• Wateri:>roofnf.ss (Test No.   108 of M1L-STD-331) - Five of five units 

passed.    Two were disassembled and inspected,  and thr<.!e were gun 

tested with functions on either' the first or second target (see Fig- 

ure 7 and Table 10). 

• Five-Foot Drop (Test No.   Ill of MIF-STD-TU) - All five units were 

gun tested,with three functioning properly.    The remaining two units 

were partially armed on impact with the first target.    These units 

were dropped nose down and 45 degrees nose down.    The partial 

arming failures were believed caused by crushwasher springbaek 

(washers were not annealed) which is not related to the Five-Foot 

Drop test. 

• Static Detonator Safety ('lest No.   115 of MIL-STD-331) - Five of five 

units passed the test at ambient, temperatures. 

• Salt Fog (Method 509 of Ml F-STD-810B) - Five of five units passed. 

Two were disassembled,   and three were gun tested. 

• Vibration (Method 514. 1 of MIL-STD-810B) - All five units were gun 

tested,   with four functioning properly and one exhibiting arming 

failure.    The arming failure was attributed to crushwasher spring- 

back and not vibration effects. 

• Temperature/Humidity/Altitude (Method 518 of MIL-STD-810R) - 

Five of five units passed. Two were disassembled and inspected, 

and three were gun tested with proper functions on the second target. 

All of the above discussed 19 gun tests on Fuze Mod IV MII.-STD safety test 

units were conducted at 3500 ft/s,   0-degree obliquity,  against 0.063-inch 

2024-T3 aluminum targets with a 0.090-inch second target placed 5 feet 

away as defined in Figure 7 and Table 10.    As summarized above and in 

Table 10,   3 units delay functioned on the first target,   13 functioned on the 

second target,  and 3 were failures (2 partial arms plus 1 arming failure - 

believed caused by crushwasher springbaek). 
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The remaining final tests on Fuze Mods \,   VI,  and VII were function delay 

ffun tests.    Fuze design characteristics ati'l lest results are defined and sum- 

marized in Table 10.    Fuze Mod V was identical to the previously discussed 

Fuze Mod IV except that a 0. D-pound rather than 1.5-pound piston spring 

was employed.    At low velocity (2500 ft/s),  crushwasher springback after 

setback caused four of five units to fail to arm as shown in Table 10.    At high 

velocity (3500 ft/s),  only one partial arm occurred in 15 tests,   which indi- 

cates that less springback occurs at high velocity (high setback).    Functional 

sensitivity against 0. OG'^-inch aluminum at 0-degree obliquity was very good 

with this design,  i.e.,  1/1 at 2500 ft/s and 4/5 at 3500 ft/s.    This also 

proved true with Fuze Mod VII (which is identical to Mod V except that an 

annealed crushwasher is used),  i.e.,  4/5 at 2500 ft/s and 3/4 at 3500 ft/s 

(Table 11).    This brings the total sensitivity function rate to 5/6 at 2500 ft/s 

and 7/!) at 3500 ft/s against 0.063-inch aluminum at 0-degree obliquity. 

Fuze Mod VI was identical to Mod V except for the crushwasher,   i.e. ; the 

Tech Lab 2024-T4 washer indicated in Table 10 had an angle of 75 ±2 de- 

grees rather than 90 ±2 degrees.    This washer proved to spring back after 

setback as demonstrated by static crush tests and x-ray analysis of five gun 

test units wherein one unit failed to arm and two units were low-order func- 

tions and suspected partial arms (see Table 10). 

Fuze Mod VII test results showed 9 failures in 55 tests (16 percent) as indi- 

cated in Table 10.   These failures were:   3 units no arm, 4 units partial 

arm and 2 units dud (arming ?). 

Five of the 41 first-target delay functions were low-order.    As indicated, 

many of the failures were arming related.    Since partial arming failures 

produce low-order functions and duds,  some of the units in these categories 

may also have been partial arming failures (partial arming is very difficult 

to detect on flash x-ray pictures).    Laboratory tests on the annealed crush- 

washer showed zero springback after setback,  so it was established that the 

failures were not related to the crushwasher. 
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During the 22 to 26 March final test series, meetings wore.- held with Kglin 

AFB personnel.    Upon completion of the final test series,  it was decided 

that an additional supplemental test series would he required to correct the 

arming prohlem  before conducting a final design review meeting and fabrica- 

tion of the 500-unit delivery quantity. 

SUPPLEMENTAL TESTS 

Three fuze designs (Mods VIII,   IX and X) were fabricated for supplemental 

delay function gun tests.    These designs used annealed crushwashers, 

improved Molybuff lubrication,  increased firing pin-detonator clearance,   and 

a 0, OlOS-poimd body and slider.    Design variations were as follows: 

Mod VIII - Equipped with 0.55-pound piston spring and two nylon balls 

(see i igure 1). 

Mod IX     - Equipped with 0. d-pound piston spring and two nylon balls 

(see Figure 1). 

Mod X      - Equipped with 1.5-pound piston spring and no nylon balls 

(see Figure 1). 

These design variations are further summarized with gun test data in Table 11, 

The data indicate no arming failures occurred wiien nylon balls were used. 

The sensitivity was reduced,  however.    Of three failures observed on fuze 

Mod X,  one was a partial arm and two wer»' duds. 

An analysis of the test data in Table 11 showed that nylon ball(s) should be 

employed in the fuze because: 

•       Longer delays were observed against O.OHO-inch 2024-T3 aluminum 

at 0-degree obliquity and 3500 ft/s when nylon balls were employed 
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TABLE 11.    XM714A3 SUPPLEMKNTAL TESTS AND RESULTS 
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(from 7 inches with no balls to 10.5 inches with balls).    This has 

been extrapolated to longer delays owr the entire target-im pact 

requirement spectrum from 7. 5 12, ä inches to 10  14 inches. 

• More sensitivity is potentially available by using lighter piston 

springs,   lower ball ramp angles (currently 45 degrees),   and/or 

reducing the number of balls from two to one. 

• No arming failures or partial arms were observed in 21' of 2f) shots 

when balls were used (Table 11). 

• The body and slider were held back 0. 01 ±0. 01 inch further on units 

with balls as verified by x-ray analysis. This also accounts for the 

longer observed function delays and more reliable arming. 

• The projectile deceleration at the muzzle was determined to be 

140g (140g x 0. 0103-pound body/slider = 1.5 pounds) which causes 

body assembly to move forward against the piston spring on units 

with no balls.    This would account for observed arming failures and 

partial arms on fuzes with no balls.    The 140g deceleration was 

determined from observed velocities at 2.3-foot and 02-foot ranges, 

i. e. 
V 

2 3' 

Deceleration (g) 
Vm^Lne    Vn2' 

«(Hi)2-R2 3) 

9 3476. 16 
(3500)      Lne   3386.62 
(32.17)     (02-23) 

=   140g 

No early burst chance when balls are employed; i.e., projectile 

deceleration to trigger = 1000g for two balls and 750g for one ball. 

This is very important during aircraft launch when the total velocity 

of the projectile is higher,  resulting in increased deceleration 

due to aerodynamic drag; i. e., using the 140g example calcu- 

lation for a 3800-ft/s muzzle velocity launch from an aircraft 
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traveling at Mach 0.9 (1005 ft/s),  projectile deceleration could 

approach 

,3800 + 1005>2   n/in\~   orn ( 35ÖÖ—)     (HO) -   260R 

near the muzzle at high yaw. 

A final design review meeting was held at the contractor's Hopkins plant on 

7-8 April at which a complete XM714A3 dosign/test history (including 20 shots 

on ID) and failure analysis was presented and discussed.    The failure analysis 

showed 31 failures in 203 tests (15%).    Of 31 failures,  5 were "no tests" and 
20 

20 were no arm or partial arm,  giving an arming problem of örrr = 77 percent, 

This percentage is probably greater because the remaining six units which 

were duds may have had arming-related problems; i.e., no arms are always 

duds.   The contractor estimated that elimination of the arming problem should 

produce a reliability rate greater than 90 percent over the specified target- 

impact condition spectrum.    Reliable arming was demonstrated during 29 

shots of fuze Mods VIII and IX which contained nylon balls (see Table 11). 

A summary of fuze and projectile characteristics and XM714A3 requirement- 

versus-performance comparisons were also presented in the design review 

meeting as shown in Tables 1 and 12,  respectively.    All requirements had 

been met or exceeded except for 0-degree obliquity function on thin (0.04- 

inch) aluminum at 1000 ft/s (0/2 functions) and function against thin (0.06- 

inch) aluminum at 3500 ft/s. 

A Pre-LAT test of fuze Mod XI was recommended before final build,   LAT, 

and delivery to (1) verify that the arming problem has been solved and (2) 

improve sensitivity.    Characteristics of fuze Mod XI are: 

Piston Spring Force: 

Crushwasher: 

Balls: 

0.55 pound 

Annealed 2024-0 

One nylon ball 
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TABLE 12.    XM714A3 REQUIREMENTS VERSUS PERFORMANCE 

Requirement Performance             | 

Delay function Demonstrated (No    SQ) 

20mm Mfil Mann barrel compatibility Demonstrated 

Test 17!") founds,  minimum Tested 373 rounds             | 

j   Demonstrate fuze survivabil ity, 
1   sensitivity,  delay function time, 

MIL-STD safety, and reliable arming 

Demonstrated                     j 

Ogive length = 1.200 inches 1. 200 inches 

Delay function against 2024-T3 
!.   aluminum: 

\     Thickness - 0. 06 to 0. 09 inch 
(0.125 desired) 

OK except at 0. 06 in, / 
0 deg/3500 ft/s 

i     Velocity ■  2 500 to 3500 ft/s 

Obliquity - 0 to 80 degrees 

s   Function against 0. 040-inch aluminum 
at 1000 ft/s 

0/2 

Fuze function on breakup Demonstrated 

l   Delay distance of 9 inches nominal 10 ±4 inches                        \ 

No Self-destruct Demonstrated                     j 

No function rain (0. 0159-inch alum. ) 0/4                                         | 

1  Bore safe/arm within 100 feet 40/40                                    | 

Projectile length 3. 05 to 3. 40 inches/ 
1   2. 600-inch protrusion 

3.05/2.600                           j 

Projectile weight of   1200 to 1300 
grains (±30 grains) 

1226 grains                         j 

C/M - 0. 30 minimum 0.342                                      1 
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KP-Detonator Clearance: 0.0745 ±0.0185 inch 

Lubrication: hnproved Molybuff 

Body Assembly Effective Weight:     0.0105 pound (body + slider) 

The Air Force agreed with the contractor's recommendation and specified 

that the following procedure be followed: 

• Document   recommendations and proposed Pre-LAT nlans 

in a letter to ADTC/Eglin. 

• Build and evaluate a 20-unit Pre-LAT sample and telephone 

and document test results and conclusions to ADTC/Eglin AFB. 

• Fabricate final LAT and deliverable quantity, evaluate (LAT), 

and telephone and document LAT results. 

• Pack 500 fuzed projectiles and deliver as follows: 

Qty Item Description Ship to 

360 Projectile Assembly (Live) Eglin AFB 

40 Projectile Assembly (Inert) Eglin AFB 

100 Projectile Assembly (Live) Southwest Research 
Institute (Army) 

LOT ACCEPTANCE TESTS 

A 20-shot Pre-LAT test was conducted on 15 April.    These results were 

telephoned to Eglin AFB on 19 April, and approval to begin fabrication of the 

delivery quantity of the Mod XI design was given on 26 April,    This was docu- 

mented,  as required,  by letter.    The test setup is shown in Figure 7.    Pre- 

LAT test information is summarized as follows: 
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— 

Numbor 
of 

Shots 

.) 

Armed 
Kuzes 

5 

l''irs1 Target Velocity 
(ft/s)' 

0.063 in.  at 0 dcg        3500 

6 6 0. 090 in.   at 0 deg       3500 

5 5 0.080 in.  at 0 de^       3500 

4 4 0.090 in.  at 80 deg     3500 

Result; 

0/5 (4 second-target func- 
tions,   1 no lunct ion) 

6/6 

3/5 (2 second-target func- 
tions) 

4/4 (2 low-order on first 
target) 

Sensitivity against 0.063-inch ali'minum at 0-degree obliquity and 3500 ft/s 

was not attained with the deliverabh   configuration; however,  it was demon- 

strated that this could be attained with other fuze modifications tested (7/9 

functions demonstrated with Fuze Moris V and Vll (see Table 10).    Sensitivity 

against the thin target at high velocity can be demonstrated and achieved if 

the Air Force elects to continue this program into engineering development. 

A reduction in ramp angle should provide the required sensitivity. 

The final 20-shot LAT was conducted on the XM714A3 Mod XI fuzed HKI 

loaded 20mm projectile on 6 May using the same setup (see Figure 7) with 

results as follows: 

Number 
of 

Shots 

10 

10 

Armed     Velocity 
Fuzes        (ft/s) 

10 

10 

3500 

2500 

First Target 

0. 090-in. 2024-T3 
aluminum at. 0-deg 
obliquity 

I 

Results 

9/10 (One unit functioned 
high-order on second 
0. 090-in. aluminum 
target) 

10/10 
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Eglin AFB provided Government monitoring of these tests by DCAS.    Based on 

the above results, the contractor shipped 500 fuzed projectiles as follows: 

Qty Description Ship to: 

360 Projectile Assembly, 20mm, Transportation Office FK2823 
HEI,  Test Vehicle (Live) Eglin AFB,   Florida 32542 

At+n:   ADTC/DLDD (Sy Slotkin) 
M/F:    Contract F08635-76-C-0139 

40 Projectile Assembly, 20mm, 
HEI,  Test Vehicle (Inert) i 

100 Projectile Assembly, 20mm, Southwest Research Institute 
HEI,  Test Vehicle (Live) 8500 Culebra Road 

San Antonio, Texas 78284 
Attn:   Alex Wenzel 

Detailed fuze and projectile build information and x-ray data on all 520 fuzes 

(20 used for final-LAT) were also supplied with the shipment. 

EGLIN TESTS 

A total of 307 gun tests (267 live and 40 inert) were conducted by ADTC/ 

Eglin AFB on the above defined deliverables during June and July.   The con- 

tractor was invited to witness these tests and was given access to the raw 

data.   The contractor's general impressions and conclusions are reported 

here to rationalize the 90-shot post delivery test series reported later. 

Structural Integrity Gun Tests 

The 40-shot inert-fuzed projectile test series was conducted to evaluate 

structural integrity after the most severe required (or desired) impact condi- 

tions.    Structural integrity was achieved on all required and some desired 

impact conditions as summarized below: 
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Impact 
Velocity 

(ft/s) 

2500 

3500 

2500 

3500 

2500 

3500 

2024-T3 
Target 

Thickness 
(in.) 

0.090 

0.090 

0. 125 

0. 125 

0.125 

0. 125 

Target 
Obliquity 

(deg) ' 
Requiremen 

80 Yes 

80 Yes 

70 Ciüal 

70 Coal 

80 C i oa 1 

80 Coal 

Projectile/ Fuze ()give 
Condition After Impact 

Intarl 

Intact 

Intact 

Intact 

Some intact/some breakup 

Breakup 

Delay Function Gun Tests 

The 267-shot live-fuzed projectile test series was conducted to evaluate fuze 

delay functions against a complete matrix of impact conditions (3 velocities x 

3 targets x 6 obliquities = 54) as defined below: 

Impact 
Velocity (ft/s) 

2 500 

i 
3000 

i 
3500 

i 

2024-T3 
Target 

Thickness (in. 

0.063 

0.090 

0.125 

0.063 

0.090 

0. 125 

0.06 3 

0,090 

0. 125 

Target 
Obliquity 

(0, 20, 40, 60, 
70, and 80 deg) 

Requirement/Coal 

Requirement 

Requirement 

Goal 

Requirement 

Requirement 

Coal 

Requirement 

Requirement 

Coal 

Approximately 5 shots were fire i lor each of the 54 possible impact conditions. 

Eglin'stest setup was simil; the setup shown in Figure 7 except that 

0. 100-inch ''O^i   \ \ alumuuim was specified for the second target. 
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Data from these tests are plotted in Figures 12, 13 and 14 for impact veloci- 

ties of 2500, 3000, and 3500 ft/s, respectively.    Actual numbers of delay func- 

tions are not recorded because data are only preliminary and have not been 

completely analyzed and published.    Delay functions during contractor LAT 

tests are recorded as shown.    Three general regions are shown in Figures 12 

through 14 as defined below: 

• Reliable fnrst-Target Delay Function (data = 4/5 or 5/5 delay 

functions). 

• Marginal First-Target Function/Reliable Second-Impact Function 

(data "= 1/5 to 3/5 delay functions with high function rate on second 

target). 

• High Failure Rate Area (data = 0/5 to 2/5 delay functions with low 

function rate on second target. 

Reliable first-target delay function was observed over the major portion of 

both the required and desired target-velocity spectrum.    When first-target 

delay function was not obtained, a second-target function was obtained on all 

but the desired heavy target (0. 125-inch aluminum) at low angles of obliquity 

and high (3500-ft/s) velocity.   A realistic evaluation of target defeat require- 

ments is recommended before deciding if the sensitivity and structural inte- 

grity of the fuze need be upgraded to fully provide first-target delay function 

over the complete spectrum. 

Target-Velocity Spectrum Comments 

To establish the realism of the target spectrum used in evaluating the per- 

formance of the XM714A3 delay fuze several points should be made: 

• It has been estimated by user groups that approximately 80 percent 

of the target impacts will occur in air combat at angles of obliquity 

of 40 degrees or greater. 
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Figure  12.     ADTC Delav Function Fuze Test Results  - 
Impact Velocity = 2500  ft/s 
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• Based on the ballistic predictions for the lightweight 20mm projectile, 

we would not expect to see target impact velocities above 3000 ft/s 

for side and tail chase encounters.     Table 13 gives predicted per- 

formance based on the lightweight test projectile used in the develop- 

ment contract. 

• Based on the requirement for the development of improved 20mm 

ammunition, nominal function delay of 0. 27 millisecond (0. 55 milli- 

second maximum) against 0.060- to 0.090-inch 2024-T3 aluminum 

targets at 0- to 80-degree obliquity and 2750 ±250 ft/s impact 

velocity is required. 

The points referenced seem to indicate that there is little realism in the 

3500-ft/s impact condition and few probabilities of impacting light, or heavy 

targets at 0-degree obliquity.    This data would seem to indicate that, unless 

other factors are involved,  the sensitivity and survivability of the XM714A3 

delay fuze as tested by ADTC will provide the combat effectiveness desired 

in a delay fuze.    The failures to function which did occur in the ADTC test 

program were at the 3500-ft/s impact velocity,  which may be an unrealistic 

condition,  and they did occur at low angles of obliquity which will seldom 

occur.    In the area of sensitivity,   where against light targets at low angles 

of obliquity only a reliable second-target function was obtained, the occasions 

where this will occur are small,  and in those cases the probability of 

encountering additional structure after initial penetration of the skin is high. 

In fact,  to achieve maximum effect,  it may be preferable to delay function 

until such a second target is encountered to maximize the on-target effects. 

POST-DE LIVERY TESTS 

Post-delivery tests were authorized by Kglin AFB to characterize projectile 

accuracy,  rotating band retention, fuze sensitivity,  and function against 
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TABLE 13.    BALLISTIC PREDICTIONS LOR LIGHTWEIGHT 
'20mm TEST PROJECTILE 

j   Parameter Value                                              1 

A/C Velocity (ktas) 0 550 

j    Launch Alt.  (ft) 100 10K 

i    Slant Range (ft) 2500 4000 6000 2 500 4000 6000 

Time of Flight (sec) 0.902 1. i»f)   0. 633 1.187 2. 319 

Velocity (itls) 1912 1074 3176 2305 1360      j 

\                    Tail Chase Attack (Mach 0. 9 Coincident Aircraft Velocit 
at 10, 000 ft AMSL 

ies) 

|   Slant Range Attack (ft) 1500 2000  | 2500    | 3000     j 

|   Intercept Time (sec) 0.467 0. 684 0.942 1.290    ! 

1   Intercept Velocity. Absolute (ft/s) 3549 3097 2657 2193      | 

I   Intercept Velocity, Relative (ft/s) j       2562 2098 1670 1213      | 
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0.125-inch aluminum under impact conditions simulating air-to-air combat. 

These 90 shots and their analysis are presented as follows: 

Rotating band/accuracy evaluation (15 shots) 

Fuze sensitivity evaluation (30 shots) 

Ogive integrity softcatch evaluation (15 shots) 

Body assembly integrity softcatrh evaluation (10 shots) 

500-meter function demonstration (20 shots) 

Performance analysis 

Rotating Band/Accuracy Evaluation 

The 15-shot rotating band/accuracy evaluation was authorized to demonstrate 

the mechanically retained polyaryiene rotating band performance (band reten- 

tion and projectile accuracy) as a function of lot-to-iot variations and exposure 

to the 28-day temperature and humidity cycling per Test 105 of MIL-STD-331. 

This was dona by firing three groups of five units each at 3700-ft/s muzzle 

velocity in the 1707-inch-long Hopkins indoor range using a Mann barrel 

supported in a rigid gun mount.    The first group (units 785-789) contained 

projectile bodies equipped with polyaryiene bands from an old,  untested lot. 

The second (units 790-794) and third (units 795-799) groups contained poly- 

aryiene bands from the same lot of material as used in all tests and deliver- 

ables during the subject program.    The third group was exposed to the 28-day 

temperature and humidity cycling before firing. 

Test results are summarized and highlighted in Table 14 .    Typical inflight 

photographs of unit 795 are shown in Figure 15 (photos of the other 14 units 

were identical to that shown in Figure 15).    Conclusions were as follows: 

•       Projectile accuracy is less ttian 1 mil regardless of lot or T&H 

exposure. 
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A s s e m b l y (Shot No. 795) a f t e r E x p o s u r e to 28-'day 
T e m p e r a t u r e and Humidi ty ( T e s t 105 of Mil-Std 331) 
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* Full spin rate was achieved with 100 percent band retention noted as 

determined by double exposure photographs taken during 180 degrees 

of projectile rotation as shown in Figure 15. 

• Projectile yaw, as determined by photographs 30 feet downrange 

(Figure 15) and photopaper yaw cards 1707 inches downrange, was 

0 degree. 

Fuze Sensitivity Evaluation 

The 30-shot fuze sensitivty evaluation was authorized to demonstrate 0.063- 

inch aluminum sensitivity improvements expected by reducing ramp angle 

from 45 degrees (deliverable units) to 15 to 25 degrees and to determine if a 

sensitivity problem exists on impacts against 0.125-inch aluminum.    This 

test was planned after witnessing Eglin AFB tests on deliverable fuzes where 

it was noted that sensitivity failures occurred at 3500-ft/s and 0-degree 

obliquity impacts against 0.063- and 0. 125-inch 2024-T3 aluminum.    Three 

fuze design modifications were evaluated as defined below (see Figures 1 and 

6 for further fuze design clarification): 

Fuze Modification 

Unit Numbers 

XII 

800-809 

XIII XIV 

Piston Spring Force (lb)   0. 55 

810-819 

0.55 

830-839 

0.55 

Crushwasher 

Balls 

Firing Pin-Detonator 
Clearance (in) 

Lubrication 

Body Assy Effective 
Weight (lb) 

Ramp Angle (deg) 

Annealed 2024-0   Annealed 2024-0   Setback Spring 

2 - Nylon 2 - Nylon 2 - Nylon 

0.0745 ± 0.0185     0. 0695 ± 0. 0185     0. 0695 ± 0. 0185 

Improved Molybuff on ogive, slider,  and balls 

0.0105 

15 

0.0105 

15 

0.00573 

25 
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All units were evaluated at 3500-ft/s, O-degree obliquity impacts against a 

2024-T3 aluminum target placed 100 feet downrange.    A second,  0.090-inch 

2024-T3 aluminum,  target was placed T) feet behind the first target.    Projec- 

tile velocity was monitored 23 feet downrange.    Yaw paper was placed behind 

the secopd target, and fuze arming was verified by two x-ray units placed 

46 and 291 inches forward of the first target.    Results were as follows: 

Fuze 
Mod 

First-Tar 
Thickness 

get 
(in) 

First- 
Target 

Function 

1 

Second- 
Target 

Function 

XTI 0.080 4 

0. 125 

XT II 0.063 

0.125 

5 

XIV 0.063 

0. 125 

1 3 

Dud Comments 

(1 arming failure) 

(1 arming failure) 

(1 arming failure) 

After firing 10 Fuze Mod XIV and 8 Fuze Mod XIII units, one of the x-ray 

units was moved to a position behind the first target to determine the cause 

of the duds.    Several good-quality x-ray pictures indic^ted that the ogive was 

swagged inward after 0.125-inch aluminum impacts.    This could cause the 

body assembly to be trapped before moving forward after impact.    No ogive 

deformation was noted on 0.080-inch aluminum impacts. 

Ogive Integrity Softcatch Evaluation 

The 15-shot ogive integrity softcatch evaluation was authorized to verify the 

ogive deformation hypothesis on impacts with 0.125-inch aluminum at 3500- 

ft/s,  0-degree obliquity.    All 15 cartridges were loaded with 38.0 grams of 

ülin WC 870 propellant (3500-ft/s muzzle velocity) and fired 100 feet through 

0.125-inch aluminum into a softcatcher containing polystyrene beads.    The 

fuzes were inert and were equipped with the following ogives: 

67 

i 

ii'-' iiMii WmiiiikmiMir^^ it m üaüaiiiii ..».i-,. t..^ ■■«ifei-mi'hi 



Units 820 - 824:      MSI 1144 sttrel ogive with 0.05-inch wall,  25-dogree 

ramp anglf,  and measured hardness of Rockwell 

HC-28.5. 

Units 825 - 829: 

Units 840 - 844: 

AISI 1144 steel ogive with 0.05-inch wall,  45-degree 

ramp angle,  and measured hardness of Rockwell 

RC-30 (same ogive as used for deliverables). 

17-4 Pll stainless stuel ogive with 0.04-inch wall 

(no 0. 05-in^h-walled versions available) and 45-degree 

r-amp angle.     These ogives were left over from our 

early tests and were hardened to condition 11025. 

All 15 fuzes armed properly,  and softcatch recovery results are summarized 

in Table 15.    The annealed crushwashers were examined and were judged 

to have performed properly based on the dimensional analysis in Table 15. 

Significant ogive deformation and body assembly damage was noted.    Near the 

junction between the ogive 0,380-  and 0.490-inch diameters,  diameter reduc- 

tions of 0. 007 to 0. 016 and 0. 018 to 0. 022 inch,  respectively,  were noted. 

This caused the body assembly to be jammed in every case,  as indicated in 

Table 15.    Units with AISI 1144 ogives (numbers 820-82!') required between 

three and eight blows with a hammer to remove the body and piston assemblies 

from the ogive as indicated.    Units with 17-4 PU ogives also contained 

jammed body assemblies,  however,  the force required for removal was sig- 

nificantly less.    Cracks in the glass-filled nylon upper body were noted in 

12 of 15 units tested. 

It was concluded that ogive deformation caused the Kglin AFB/Contractor- 

demonstrated failures against 0. 125-inch aluminum at 0-degree obliquity 

and 3500 ft/s.    This type of impact is unlikely to occur during air-to-air 

combat, i.e., velocity too hig!i,  obliquity loo low,  target too thick.    If it is 

desired, however,  to provide function delays against this type of impact 
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condition,  minor fuze ogive changes would be required.    Some possibilities 

are listed and evaluated below: 

Design Change 

• Heat treat and temper AISI 1144 
ogive to Rockwell KC40 after 
machining. 

• Increase ugive wall thickness 
by blunting ogive. 

• Increase ogive wall thickness by 
designing fuze to intrude further 
into the proiectile body. 

•      Select alternate (stronger) 
ogive materials. 

• Various combinations of the 
design changes discussed above. 

• Reduce ogive wall thickness to 
achieve superquick function 
against 0.125-inch aluminum at 
3500 ft/s. 

Kva luation/Comments 

This can be done without affecting 
percent elongation.    Some part 
warpage may occur. 

Higher aerodynamic drag would 
result in increasing time of flight. 

Increasing wall thickness from 
0.050 to 0,075 inch would cause the 
fuze to intrude 0. 100 inch further 
into projectile body,  reducing I1E1 
content from 193 to 180 grains. 

Low material cost and good machin- 
ability are very important.    Leaded 
4130 tool steel could be considered; 
however,  a $0. 04 increase in 
ogive material cost would result. 

Best approach. 

Superquick function more desirable 
than dud.    Also resulting ogive 
streamlining would reduce time of 
flight (reduced drag ana increased 
muzzle velocity). 

Body Assembly Integrity Softcatch Evaluation 

The 10-shot body assembly integrity softcatch evaluation was authorized to 

explore causes for fuze sensitivity failures against 0,063-inch aluminum at 

3500 ft/s,  0-degree obliquity (most units functioned on the second,  0.01)0- 

inch, target during pre-LAT testing).   This type of sensitivity failure was 

also observed during Eglin AFB testing of the deliverables at 3500 ft/s, 

0-degree obliquity on 0. 063-inch aluminum.    According to the computer 

program FUNDEL,  the reduced ramp angle (25  degree) fuze equipped with 
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setback spring in place of the crushwashi'r should reliably function against 

0,063-inch aluminum at 3500-ft/s,  0-degree obliquity conditions.    This fuze 

(Mod XIV,  Figure 6) functioned only one of five times against 0.063-inch 

aluminum as described under Fuze Sensitivity Evaluation. 

The 10 cartridges were loaded with 40 grams of Olin WC870 propellant 

(3600-ft/s muzzle velocity) and fired into a long pneumatic recovery tube as 

shown in Figure lö.    The tube was pressurized at 19 to 20 psig with air near 

the gun muzzle before firing.    The end-cap metering orifice was adjusted so 

air pressure near the end of the tube was 10 to 11 psig.   This pressure 

adjustment resulted in eight projectiles coming to rest after rebound in the 

tube near the blast vents (the other two units rebounded part way into the 

Mann barrel). 

M61 MANN BARREL 

PNEUMATIC RECOVERY TUBE 
BLAST VENTS 1.25-INCH 0D LENGTH 150 FEET 

SEVEN SECTIONS EN0CAPWITH 
METERING ORIFICE 

\m 3 C 

MUZZLE ADAPTER 

=01= 

I 

3     "C 

FUNCTIONAL DESCRIPTION 

PROJECTILE EXITS FROM GUN AND ENTERS SMOOTH 
BORE TUBE (0.840-INCH ID) 

GUN PRESSURE IS BLED FROM BLAST VENTS 
DECELERATION IS ACCOMPLISHED BY AIR COMPRESSION 

Figure 16.   Softcatch Test Setup at Hopkins Indoor Range 

No damage was done to projectile or ogive.    The crushwashers collapsed 

properly, and measured thickness and maximum OD were 0.026 to 0.030 inch 
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and 0.485 to 0.488 inch,   respectively.    The piston spring remained attached 

to the body assembly after recovery and exhibited no apparent damage.    No 

significant damage was noted on the aluminum lower body or piston assembly, 

Damage to the glass-filled nylon upper body is summarized as follows: 

Condition Unit 
No, 

Max.  Dia. 
Opposite 

Lockweights a 

(in) 

845 0. 490 

846 0,486 

847 0,486 

848 0,484 

849 0. 48,^ 

850 0.485 

851 0.484 

852 0.490 

853 0.485 

854 0. 484 

Cracked nenr lockweights (parting line) 

Cracked near lockweights (parting line) 

Bulge near lockweights 

Rulge near lockweights 

Hulge near lockweights 

Bulge near lockweights 

Bulge near lockweights 

Cracked near lockweights (parting line) 

Bulge near lockweights 

Bulge near lockweights 

a   This measured 0.482 on five new glass-filled nylon upper bodies 
which had not been fired and softcaught. 

The above data show glass-filled nylon upper body deformation on the OD 

directly inline with the two spring-loaded rotor lockweights.    The centrifugal 

force exerted by each 0.0555-gram lockweight assembly against the nylon 

upper body at 3500-ft/s muzzle velocity (spin = 2088 rev/s = 13119 rad/s) is 

n-  ^ - w2 * M      -n^nrn2     f0- 16^   f        0.0555      \ (I'c) 3500 ft/s ^ W    r   MW - (13119)       {^rr)   [mt.6) (32.11)) 

=   9.2 pounds (10. B pounds at 3800-ft/s muzzle velocity) 
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A f). 2-pound lockweight force on an upper body produces a 0.01-inch dimple 

which disappears when the force is withdrawn. This essentially doubles the 

frictional force holding the body assembly aft as illustrated in Figure 17. 

The computer program FUNDEL can now account for sensitivity failures 

against 0.063-inch aluminum at 3500 ft/s and 0-degree obliquity.    Fuze 

Mod XIV should function if no upper body deformation occurs as shown in 

Figure 18(a),    The effect of upper body deformation can be simulated by 

changing the friction coefficient,   Mi,  between the ogive ID and body assembly 
4  39 from 0. 1 to 2' ~l (0. 1) = 0. 172 as shown in Figure 18(b).    At a nominal   firing 

pin-detonator clearance of 0.07 inch,  firing pin energy is reduced from 

2.40 in-oz to 0.34 in-oz (1.25 in-oz required for ail-fire) as shown in Fig- 

ure 18.    The dimple caused by lockweight centrifugal force against the body 

may cause additional sensitivity problems because it occurs at the ogive ramp 

angle undercut. 

It was concluded that upper body deformation resulting from high lockweight 

centrifugal force caused a significant reduction in sensitivity at the high 

velocity (3500 ft/s) - high spin rate - thin (0.053-inch) target impact condi- 

tion.    The deformation was severe enough to cause cracks along the glass- 

filled nylon upper body parting line in 3 of 10 units,  and dimples (Figure 17) 

formed in the remainder.    Only a minor design change in the lockweight 

assembly and/or upper body is required to correct the deformation (sensitivity) 

problem.    If,  for example,  the lockweight spring thickness is reduced from 

0. 003 to 0. 002 inch and the lockweight material is changed from steel to 

aluminum, the weight of the assembly is reduced from 0. 0555 to 0.0250 gram, 

reducing centrifugal force at 3500 ft/s from 9.2 to 4. 1 pounds.    This can be 

done without changing the arming spin rate.   A 0,001-inch spring with magne- 

sium or Teflon viv weight can reduce centrifugal force further to 2.4 pounds. 

Increasing the wall thickness of the upper body by 0. 010 inch was also studied 

and is feasible.   This was successfully evaluated on the XM714A2E1 25mm 

program for the U.S.  Army. 
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Ffiurt 2 c „,        nino^ ü-')l   0.00573     oct.,D KJRtL     ü    
E mfj     (13119;     jj       'ii 17       25.5LB 

f (25.5) 

BODY ASSEMBLY (TOP VIEW) 

OGIVE BORE (0.490 I   0.003 DIA) 

f (9.2/ 

9.? LB 

^ UPPER BODY 
PARTING 
LINE 

SUMMARY 

FRICTION] = f (25.5) =0.1(25,2)     2.55 LB 

NOBODY         ~' 
DEFORMATION COMPARE 

FRICTION 1 =  f (25.2 + 9.2 «-9.2) = 0.1(25.2 f9.2 ' 9.2) = 4.39 LB ̂ J 
WITH BODY 
DEFORMATION 

Figure 17.    Effect of Upper Body Deformation on Friction 
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THIS HROGRAH tonPUTLS SLiF  M-STPUCT  SPIN KATr  AND 
TU. CHANGE   IN PROJLCTILX  VELOCITY REOUI ED TO 
TRIGGER  THE  XITPU TYPE OF  9AU- PLEASE ITCHANISn 
AS  A FUNCTION OF  FUZE PARAItTERSi     FIRING PIN 
EM-PGY.   DELAY FUNCTION Tlft,  AND PROJEaiLE 
TPAVEI.  DISTANCE BETIJEEN TARGFT   IHRACT  AND 
DITONA1ION AS A FLNCTION OF FIRING PIN-DETONATOR 
CLEARANCE   IS ALSO COTPUTED.    A  DETONATOR  INITIATION 
TIHE  OF "5D niCROSECONDS   IS ASSUTED AFTER ICPACT 
UITH  THE  FIRING PIN.     ALSO.  0 HUST BE EdUAL 
TO OR GREATER THAN DX FOR ENERGY CALCULATIONS. 
ANCLE1.  ANGLES.  ANGLE3.  RN.  SPIN!     35.  ,□,, DM  ?..  30«. 

UN.  UB.  UR! .aaam,?. .00573. .0 

FSO.   FPO.  RKS.  RKP;   3.^.  55.  9.3.   3.33 

FO.  FS.  FR,  FH!     .5 ,.075.   .074-5, 

YHAX,   DX.  E.  YHIN!     .313t3.   .03.   .01.   .1TO 

\P,  DV.  DC.   DC.  OIAX!     35CD..  lfe.3.   .04.   .01. 

.©' v- 

.101 

(a) 
;:<   Upper 
Body 
Defonnatlon 

TRIGGER VELOCITY(FPS)= 7.3003730^ 
SELF  DESTRUCT  SPIN RATE(RPS)= 13cl3.c13ei3flRa 

F.P. F.P. DELAY DELAY 
CLEARANCE ENERGY TIHE DISTANCE 

(INCH) flN-OZ) (niCROSEC) (INCH) 
O.OOTDDOa 3.31330314      3b7.qt4M375        11.3[eiaä36 
o.Dsoooari      a.%aaD7M    33^.^7135344     13.79435049 
□ .Oggq^m 3.b'334343a      T14.773flb475        lb.50336445 

I   O.ObR-fflqq 3.40314391      4b3.05535659        19.35774994  | 
u.ufljuuuu—&.cWLqqg/i   5ggr?Esrogg—^wgpsa 
0.09000000 1.7ta94611      t.14.30115506        35.b6[tiabb 
D.lDOatriOl 1.4iaD1435      7DD.Ö917a3b3        ?T.30CTtlt3 

HÖRE RUNS'.   l. = YES.  3.=N0!   I. 

ANGLE1.  ANGLES.  ANGLES.  RN.  SPIN!   35..  □..  D. 

UN.  UR.  UP!   .000017.   .00573.   .0 

FSO.  FPO.  RKS.  RK.P!   3.4,   .55.  9.1.   3.33 

FO.  FB.  FR.  FH!   .1.   .075.   .075. SVs)' 

YHAX.  DX.  E.  YTIIN!   .313t3.   .03.   .DL.   .1969 

VP.   DV.  C.  DC.  CHAX!   3500..  lb.3.   .04.   .01.   .101 

TRIGGER VELOCITY(FPS)= 9.Sfl5F136a. 
SELF  DESTRUCT SPIN RATE(RPS)0 1006.15iat71fl 

F.P.                        F.P. DELAY                       DELAY 
CLEARANCE               ENERGY TIHE                       DISTANCE 

(INCH)                    (IN-OZ) (niCROSEC)                    (INCH) 
0.04000000         3.03fl7134h 507.33593750 13.D119D5t7 
0.05000000          1.393:113Ö9 3t9.53570557 15.44621930 
O.OSHHHHHH          0.qgq3a.36 4t.q.l54bb3m 19.bl573613        fh1 

rÖTaSSTOR          0.344.5170 ^09.473^3561 35.476tö739 I    With 'Jpper 
U.UBimJUU—U.ULUJJJUU    Bnd-V 

0.09000011! D.UUULUUaO Deformation 
o.ioooDoni      o.iujujin 

DORE RUNS? l.-YES. 3.-N0! 3. 

•■, 

BDfiß. 

.17? 

STOP.  DONE 

Figure 18. Calculated Fuze Mod IV Sensitivity (3500-ft/s, O-degree 
obliquity impact against 0.063-inch 2024-T3 aluminum) 
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r)()0-Meter Function Demonstration 

The 20-shot SOO-meter function demonstration was conducted on 4 August. 

Eglin AFB sent 20 of the deliverable projectiles back to the ccntractor for this 

test.     The test involved firing the projectiles at maximum velocity against 

0. 125-inch 2024-T3 aluminum targets placed 500 meters dowr.range at 

0-degree obliquity.    Instrumentation included velocity coils and LOCAM 

color movies behind the target as shown in Figure 19. 

MANN 
UAMEI 

0= 
VtlOCII 

(OILb 

i—*i*—* 

8-fl X «FT < 
0.125-INCH 
2()M-T3 
AIULIINUM 
TAHGCT 

.VHNLbS 

.'ANCL 

~J}  

500 MtTERS -4-J 

LOCAM 
CAMt.RA "B 

Figure 19.    500-meter Function Demonstration Test Setup 

Initial conditions were as follows: 

• Fuze -- XM714A3 Mod XI as defined in Figure 1 

• Projectile -- 1226-grain polyarylene-banded thin-wall projectile 

containing 193 grains of LCA 1 IIEI mix (Figure 2) 

• Cartridge -- M103 case with 610 grains       .5 gram; of Olin WC870 

ball propeliant (Figure 3) 
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• Muzzle Velocity -- 3600 ft/s measured 

• Range -- 500 meters 

• Target -- 0. 125-inch 2024-T3 aluminum at 0-degree obliquity 

• Impact Velocity -- 2b00 ft/s (estimate) 

Results were as follows: 

• 17 for 17 delay functions on 0. 125-inch 2024-T3 aluminum (14 high- 

order and 3 low-order) 

• 3 for 3 delay functions on 2-inch oak backstep (missed aluminum 

target) 

• Standard deviation of radius (accuracy) measured at 0.9 mil (gun 

moved so actual accuracy < 0. 9 mil) 

These results are considered very encouraging because it is believed that 

this type of test more nearly simulates air-to-air combat impact conditions. 

Performance Analysis 

With reference to the AJJTC blglin Air Force Base test results in Figures 12 

through 14,  the causes of the High Failure Kate Area and Reliable Second 

Impact Function Area may now be explained. 

High Failure Rate Cause -- This area is caused by the ogive deformation as 

the fuze passes through the target.    On low-obliquity targets,  the fuze ogive 

is forced or swaged in,  reducing the piston bore and body bore diameters 

and thus locking the assembly in place and preventing operation.    This action 

is not as prevalent at higher-obliquity targets since the swaging action is 

nonsymmetrical.    Several approaches can be taken to alleviate the problem. 
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The wall thickness can be increased by moving the internal elements wft and 

taking the slight loss in FIE in the projectile.    This,  together with heat treat- 

ment of the  ogive,   should allow penetration of the target without serious 

deformation.    If heavier targets are' encountered,  the problem may reappear. 

The other approach may be to thin the sections so that the firing pin is forced 

into the  detonator on heavy targets.     This would give superquiek rather than 

delay function but would give an 111*; event.    This would assure firing on all 

target thicknesses. 

Reliable Second-Impact Function --  This area may be good technically.    After 

penetration of a light skin, a heavier structure must be hit to assure function, 

and this may produce maximum effects.    At the present time,  computer 

analysis indicates the fuze should function in the areas where it presently 

needs a second impact to function.    Softcatch fuze tests have revealed that 

the probable cause of this is a material failure or excessive yielding in the 

plastic,  upper body caused by the rotor lockvveights.    This yield allows the 

lockweight to act as a second body-locking feature and increases the velocity 

change required to move the body assembly forward with sufficient energy to 

fire the detonator.    Several things can be done to eliminate the problem 

through design.    These include: 

• Change from steel to aluminum iockweights and modify lockweight 

spring. 

• Modify plastic upper body design to increase section so that deforma- 

tion doesn't occur or is minimized. 
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SECTION V 

COST TO PRODl'CE 

The methodology, assumptions,  rationale,  cost curves, and working papers 

for the Cost to Produce Study were submitted.    These data are proprietary 

to the contractor and should not be disclosed outside the Government or dupli- 

cated.    The following high-volume unit costs are projected based on a unit 

product cost of $0,899 for 12 million units (1975 dollars) and an 82 percent 

learning curve. 

Quantity (millions) 

12. 0 

25. 0 

25. 0 

25. 0 

25. 0 

25. 0 

25. 0 

25. 0 

Cumulative Quantity (millions) 

34. 4 

61. 4 

8fi. 4 

111. 4 

13H. 4 

161.4 

186.4 

211.4 

Unit Cost 
(dollars) 

0. 899 

0. 770 

0. 683 

0. 628 

0. 589 

0.558 

0.534 

0.514 
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SKC'TION  \ I 

CONCLUSIONS AND RECOMMEND/VTIONS 

The following discussion is based on the work described in this document. 

The XM714AH Mod XI fuze and projectile design referred to is the deliverable 

item defined in Figures 1 and 2. 

CONCLUSIONS 

The key objectives of the program,  as defined in the last paragraph of Section 

I,  were met with the deliverable items,   i. e. . 

• A function delay of 10 ±4 inches UJ inches,   nominal delay required) 

was demonstrated at 0- to 80-degree obliquity,  2500- to 3500-ft/s 

impact velocity against 0. UH- to 0. 125-inch 2024-T3 aluminum 

targets. 

• The fuze was packaged within the 1. 2-inch-long ogive profile. 

Bore safety and reliable arming within 100 feet was provided. 

Selected MIL-STD-SIU/MIL-STD-BIOB safely was demonstrated. 

No self-destruct and no function against the simulated rain target 

(0. 0159-inch 2024-T3 aluminum) was demonstrated. 

Projectile length,   protrusion,   weight,   and charge-mass ratio (C/M) 

requirements were met or exceeded. 

Parameter 

Projectile Length 

Projectile Protrusion 

Projectile Weight 

C/M 

Required 

3. 05 - 3. 40 inches 

2. 600 inches,   maximum 

1200 - 1300 grains 

0. 30,   minimum 

Actual 

3. 05 inches 

2. 600 inches 

1226 grains 

0. 342 
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A total of 373 rounds was evaluated as compared to a requirement 

tötest 175 rounds,   minimum. 

Documentation was provided per DD Form 1423. 

Five-hundred XM714A3 fuzed projectiles were shipped on 14 May 

as compared to a contract requirement date of K May 1976. 

The XM714A3 delay function fuze and thin-wall plastic-banded projectile have 

undergone extensive gun testing,  starting 2 years ago with 40 contractor- 

sponsored tests.    During the subject contract,  an additional 373 tests were 

conducted by the contractor,   and 307 tests were conducted by Eglin AFB, 

bringing total tests to 720 units.   Over one-half (397 units) of these tests were 
conducted on the XM714A3 Mod XI deliverable design.    The overall perfor- 

mance of the fuzed projectile is best characterized by the five-unit firings at 

each of 54 impact conditions [3 velocities (2500.   3000, and 3500 ft/s) x 3 

targets (0, 063-,   0. 090-,  and 0. 125-inch 2024-T3 aluminum) x 6  obliquities 

(0.   20,   40,   60,   70,  and »0 degrees)! done by  ADTC Eglin Air Force Base as 

summarized in Section IV and Figures 12 through 14.    Fuze and projectile 

structural integrity is also best characterized by the Eglin tests wherein 

all required impact conditions and some desired impact conditions were sur- 

vived intact.    The contractor's limited tests on XM714A3 Mod XI fuzes were 

nlso successful,  as summarized in Table 16 for LAT and post-delivery tests. 

These tests were generally conducted at the more severe 3500-ft/s and 

greater velocity conditions. 

81 

Aaa 

ti^asüÄÄü&tjssäiStt "^"^i 



TA L • 16. LATA D PO ~T-DELIVER TESTS "MMARY 

HN;ul t,; (st •< oncl 1<11 g<>t 0 . O!JO in. l 
\Iuzzi• · 2024 - ·1 'l l':>rJ!•· · I t t ' •t· No. oJ '1\u . llr •la Fund ion 

\ o• l c i v (ft l o; ) H:-.na• · T hic•k nPss l! IJh<]\li 
l) ,. 

Sh01s ~ rtr lf·d I \ 11(~o 

2300 100 I "· (l •If Ill 0 d• l 1 10 10 10 110 

1 500 100 11 0 . Ott'! "' /ll th t.. :, '\ 0 15 ( 4 se•·ond a rJ.!Pt) 
1 no fu n ctiOn 

3 '" 00 100 ft II . Ohf) on 
ll "' l 

r, ., :l /5 (2 51' ond a rgPI) 

3500 100 t ll . 0' Ill jo ' •.• u ; ' I 1 !" / 16 ( 1 s cond ar e1) 

500 1 0 f fi . II•IJ ll• ,n •h·~ ol 4 4 / 4 (:1 low - ordr· r·) 

3700 ;,oom •1. 11 •n on ,:; 11 It ; 11 17 11 / 17 (3 10\ - rd c r ) 

3700 500 l 2 -ln ():tk :l :l 3 / 3 

T ta 1 : 52 / 60 117 p •! t't · t•nt tJn f t t~:o; tar ' ~ · ~ 

5!1/ 60 ~)H Pt.· r··' ' l• n1 ' '" f ao·st o o· ;,(: II n rg, •t 

Pr-ojectile accuracy and polyaryl ne rotating band retention was also monito r

ed during tht' progr-am at several ranges at 3700-ft/s muzzle vel ocity with 

r sults a s follows: 

Ac curacy 

Qty Range Av Mean Radius Std Deviation Comments 

6 100 ft 1. 10 Trailer mount 

4 5:34 ft 1. 1 Trailer mount 

Most Valid 
115 1707 in 0.86 0. 81 Rigid gun mount 

Test 

20 500 1. 19 o. 94 Gun moved 
meters 

Rotating band retention was demonstrated after 28-day T&H exposure (Test 

No. 105 of MIL•'STD-331) in the above listed 1 707-inch accuracy test (see 

FiiUN 1'1). projectile body integrity at twice the required HEI 
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loading pressure (60 kpsi) and H0-kpsi gun launch were demonstrated during 

the program.     Projectile explosive content (lethality) was also quite high at 

193 grains of LCA 1 HET mix. 

Computerized math models of fuze behavior during target impact were 

continuously exercised and updated on the Lasis of experimental data.    Since 

these models correlate with experimental observations, the number of tests 

required to explore further fuze modifications during follow-on engineering 

development can be reduced, thereby reducing development costs. 

The deliverable fuze design uses most of the parts common to the standard 

X1V1714A2 fuze except for a simplified one-piece (rather than four-piece) 

ogive, a  cru.shwasher   (rather than setback spring),  and a two-piece base 

and slider.    The ogives were fabricated from a very producible A.IS1 ril44 

carbon steel.    The cost-to-produce study,   summarized in Section V,  show^ 

a unit product cost as low as $0. 514 each in 1975 dollars after- a production of 

186, 400, 000 units.    This should compare favorably with the M505A3 fuze in 

which at least 500, 000, 000 units have been produced. 

RECOM iVlENDATTONS 

From the ADTC Eglin Air- Force Base test results in Figures 12 through 14, 

it is apparent that most of the failures occurred at 3b00-ft/s impacts against 

thin (0. 063-inch) and thick (0. 125-inch) aluminum at low angles of obliquity. 

Results at 2500 and 3000 ft/s (Figures 12 and 13) were very good.    Based on 

these observations, the following recommendations are made with respect to 

any future development activity. 

•      Determine if the 3500-ft/s impact condition is a realistic condition 

which will occut  during air-to-air combat.    An upper limit of 3000 

ft/s may be more realistic as discussed in Section IV and presented 

in Table 13. 
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If it is determined that Improved performance at ^TiOO ft/s is 

required,   then: 

Fuze ogive deformation against 0, 125-inch aluminum must be 

reduced by increasing wall thickness and heat-treating the ogive. 

This should eliminate the high failure rate area shown in 

Figure 14. 

The glass-filled nylon upper body wall thickness should be 

increased and/or lockweight assembly mass reduced to reduce 

friction as illustrated in Figure 17 and improve first-target 

impact delay function rate against thin (0. 06^  inch) targets 

shown in Figure 14. 

incorporate two rather than one nylon ball and reduce ramp angle 

from 45 degrees to 15 to 25 degrees. 

Consider reducing firing pin-detonator clearance from 0, 0745 

i0.0185 to 0,0695 ±0. 0185 inch. 

A.dd a 0. 20-inch-diameter hole through the pad to reduce the chance 

of low-order function. 

Consider replacing the crushwasher with a setback spring.    This 

will further improve sensitivity and permit the use of a heavier 

piston spring for reliable arming.    Also,  the base slide would no 

longer be required,   causing a reduction in product unit cost.    The 

base slide may also have contributed to certain low-order target 

functions; i, e. ,   no low-order1 functions were noted in 52 tests of 

fuzes without base slides (reference Mods I, H, III, and XIV).    The 

use of a setback spring,  however,   will provide self-destruct be- 

yond 4000 meters slant range. 

Consider blunting the ogive and adding a windscreen to increase 

projectile AV during target perforation to increase sensitivity. 
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The recommended design changes are incorporated into two different fuze 

designs (Mod XV and XVI) and compared to the deliverable design (Mod XI) 

in Table 17.    Mod XVI differs from Mod XV in that the crushwasher is re- 

placed with a setback spring.   This will further improve sensitivity and permit 

the use of a heavier piston spring for reliable arming.    Also, the base slide 

would no longer be required, causing a reduction in product unit cost.   The 

base slide may also have contributed to certain low-order target functions; 

i. e., no low-order functions were noted in 52 tests of fuzes without base 

slides (reference Mods I,  II, III and XIV),   The use of a setback spring, 

however,  will provide self-destruct beyond 4000 meters slant range.    For 

this reason. Mod XV was also recommended (see Table 17). 

TABLE 17.    RECOMMENDED FUZE DESIGN CHANGES 
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APPENDIX A 

FINAL HAZARD ANALYSIS REPORT 

This final hazard analysis was prepared in response to DD1423 Data Item 

A005 of Contract F08635-76-C-0139.    As indicated in the System Safety 

Program Plan, the hazard analysis tasks for this 6-month program included 

the following: 

• Review of XM714A3 safety features against the requirements of 

MIL-STD-1316A.  Criteria for Fuze Design Safety. 

• Revision of safety fault tree diagrams on the XM714 fuze to reflect 

the XM714A3 changes.    These diagrams illustrate the events and 

conditions that would be necessary for explosive function to occur 

during (1) the gun chambering cycle,   (2) gun firing (setback) and (3) 

through muzzle exit. 

• Examination of XM714 fuze safety aspects that could be affected 

by the changes planned for the delay version,   XM714A3. 

• Submittal of the above items in this document,  thereby fulfilling 

the data item A005 requirement. 

DESCRIPTION OF XM714A3 DELAY FUZE 

The XM714A3 fuze is shown in Figure A-l.    This inertial delay function fuze 

is basically an XM714A2 PDSD fuze currently being developed by the con- 

tractor under contract with the U.S. Army for the 20mm M56 HEI round.   It 

utilizes the basic XM714A2 parts in the body and spring assembly,  piston 

assembly, and lead cup assembly. 
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The XM714A3 delay function fuze is illustrated in its safe,  setback, armed, 

and detonation operational modes in Figure A.-2.    The fuze is subjected to 

high spin and acceleration as the projectile travels down the barrel.    These 

forces cause both the piston assembly and body assembly to setback, perma- 

nently deforming the crush washer.    Air originally in the bottom of the fuze 

is displaced through ports into the chamber above the piston.    High spin 

forces occur almost simultaneously with the setback force,  causing the 

centrifugal lockweights to move against their springs.    This removes one 

constraint on the rotor in the safe position.    Centrifugal force also causes the 

rubber piston seaT   to spin out against the inner bore of the ogive to provide 

the necessary sealing of air. 

As the projectile exits the muzzle,  the acceleration force dissipates and the 

piston is free to move forward under forces exerted by the piston spring. 

A finite time that can be controlled is required for the piston to move for- 

ward fully since air must move through the porous metal restrictor.    This 

action provides an arming delay of 5 to 50 meters over a temperature range 

from -60° to +1550F in the 20mm projectile environment. 

When the piston reaches the forward position, the firing pin withdraws from 

the rotor and allows it to rotate to the armed position.    Centrifugal force 

acting on roller weight causes it to move into a groove and lock the rotor in 

the armed position.    The fuze is fully armed when the detonator is in line 

with the firing pin and the lead assembly. 

Detonation 'see bottom view of Figure A-2) occurs when the armed fuze 

encounters the following: 

•      Delay high-ordor function on soft (aluminum) targets. 

During tne feasibility demonstration and fiOO-unit delivery,   fuzes were 
fabricated without rubber piston seals allowing arming to occur within 100 
feet of the muzzle,  as required. 

! ■•-.     -•;'  ■■ 



SETBACK 

ARMED 

DETONATION 

Figure A-2. Fuze Operational Modes 
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• Superquick (ogive crush action) detonation on hard targets. 

• Graze function. 

This hazard analysis concerns the period prior to intended fuze arming. 

COMPLIANCE WITH MIL-STD-1316A SAFETY REQUIREMENTS 

A review was made of applicable safety requirements of MIL-STD-1316A 

and design safety features of the XM714-A3 fuze.    Results of this review are 

shown In Table A-l. 

MIL-STD safety testing involved evaluating five units each of eight MIL-STD 

safety tests with results as follows: 

• Jolt (Test No.   101 of MlL-STD-331) - Five units were inspected and 

all passed the tost. 

• Jumble (Test No.  102 of MlL-STD-331)- Three of five units passed. 

The other two units came apart in the iumble hox,  i, e. , base 

unscrewed from ogive as defined in the assembly drawing (Figure 

A-l).    Application of an adhesive to the base threads or staking the 

ogive-base threads after assembly would prevent this problem.   On 

the deliverable units,  the fuze is assembled with sealing and locking 

compound applied to the fuze/projectile threads.    Unscrewing of 

the base cannot occur under these conditions. 

• Waterproofness (Test No.   108 of MlL-STD-331) - All five units 

passed.    Two were disassembled and inspected and three were 

gun tested with functions on either the first or second target. 

• Five-Foot Drop (Test No.   Ill of MlL-STD-331) - All five units 
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wei-e gun tested with three functioning properly.    The remaining two 

units were partially armed on impact with the first target.    These 

units were dropped nose down and 45 degree   nose down. 

The partial arming failures were believed caused by crushwasher 

spring back (washers were not annealed) which is not related to the 

Five-Foot Drop Test. 

Static Detonator Safety (Tost No.   115 of MIL-STD-331) - All five 

units passed the test at ambient temperatures. 

Salt Fog (Method 509 of MIL-STD-Hl OR) - All five units passed the 

test.    Two were disassembled and three were gun tested. 

Vibration (Method 514. 1 of MI L-STD-81 OB) - All five units were gun 

tested with four functioning properly and one arming failure.    The 

arming failure was attributed to crushwasher spring back and not 

vibration effects. 

Temperature/Humidity/Altitude (Method 518 of MIL-STD- ;   >ß) - 

All five units passed.    Two were disassembled and inspected and 

th.ee were gun tested with proper functions on the second target. 

'Ml of the above discussed H) gun tests on MIL-STD safety test units were 

conducted at 3500 ft/s,   0 degree obliquity,   against 0. 063-inch '2024-T3 

aluminum targets with a 0. 090-inch second target placed 5 feet away.    As 

summarized above,   3 units delay functioned on the first target,   13 functioned 

on the second target,  and 3 were failures (2 partial arms plus 1 arming 

failure - believed caused by crushwasher springback).    Annealing the crush 

washer to condition 2024-0 corrected this problem 
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FAULT TREE ANALYSES/DIAGRAMS 

Kault trrc symbology is defined in Figure A-3.    The fault tree safety 

analv.ses/diagrams for the XM714A3 Delay l^uze are presented in Figures 

A-4,  A-5 and A-6,  covering the gun chambering,  gun firing,   and exit time 

periods      These fault tree analyses/diagrams were modified from those 

available on the XIV1714 (Std) fuze. 

hi conducting these f;uilt tree analyses, the following general groundrulcs 

werf utilized. 

• The fuze complied with the applicable M1L-STD-H31 criteria for 

test passing -- specifically the rough handling and static' detonator 

safety tests. 

• If a body assembly with an armed rotor (aligned detonator) is 

installed in the fuze,   the firing pin will initiate the detonator during 

subsequent fuze assembly operations. 

With the exception of the lead cup assembly primary and secondary failures, 

there were no single-point failures (i. e. ,  a single component failuro or 

defect mode) identified in the analysis which rould result in a safety failure 

o1' the fuze during the life cycle phases stated. 

CONCLUSIONS/RECOMMENDATIONS 

A general conclusion of the hazard analysis efforts to date is that the XM714'\3 

delay fuze meets all of the fuze design safety criteria appropriate for the 

intended application. 
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Figure A-4.   Gun Chambering Cycle Fault Tree 
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Figure A-6.   Muzzle Exit plus One Meter Fault Tree (Concluded) 
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Based on information available at this time,  the following recommendations 

are proposed: 

• Proceed with plans to switch to PBXN-5 explosive material (or 

other material acceptable per MIL-STD-1316A) beyond the fuze rotor, 

• Continue the hazard analysis activities in any follow-on development 

efort. 
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1 
APPENDIX B 

SELECTED CARTRIDGE,   PROJECTILE,  FUZE 
AND FLASH X-RAY PHOTOGRAPHS 

Selected 20mm HEI/XM714A3 cartridge assembly, projectile assembly, 

XM714A3 Mod III fuze assembly, and flash x-ray photographs are presented 

in Figures B-l through B-U.    Delay function distances indicated in the x-ray 

photograhs (Figures B-7 through B-ll) are for the Mod III fuze design (delay 

~ 7. 5 ±2. 5 inches).   The deliverable Mod XI fuze design with a nylon ball pro- 

duced longer delays (10 ±4 inches). 
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Figure B-l.    Test Vehicle Cartridge Assembly 
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Figure B-2.   Test Vehicle Projectile Assembly Layout 
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MAMUTACTURLR' S SYMBOLS 

IMLRflX NUWBtR — 
BODY,INERT OR HEI-LCADtD 

UrAi TURt 

XM714A3 DELAY FUNCTION FUZE 

-FUZE OGIVE 

I: 
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Figure B-3.     Test Vehicle Projectile Assembly Cutaway View 
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Figure B-5. XM714A3 Delay Function Fuze Exploded View 
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I'igure B-6.     Target Holder and X-Ray Setup 
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Figure B-7. Flash X-Ray - Mod TTT Fuze with 0. 05-inch-Walled AISI 
1144 Ogive 311 microseconds after 3600 (+) - ft/s Impact 
with 0. 09-inch 2024-T3 Aluminum at 70-degree Obliquity 
(The x-ray shows the detonator is just beginning to function, 
indicating a delay of approximately 13 inches.    This fuze 
was evaluated with an inert-filled, polyarylene-banded, 
thin-wall projectile body and was recovered intact from the 
softcatcher. ) 
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Figure B-8. Flash X-Ray - Mod III Fuze with 0. 04-mch-Walled 17-4PH 
Ogive and HEX-Loaded Projectile Assembly 119 Micro- 
seconds (5. 0-inch delay) after 3560-ft/s Impact with 0.09- 
inch Aluminum at 80-degree Obliquity (Note that the 
projectile is just beginning to detonate.) 

i. 

Figure B-9. Flash X-Ray - Mod III - Fuzed Projectile 6. 8 Inches After 
2584-ft/s Impact with 0.0625-inch Aluminum at 0-degree 
Obliquity (Note that the projectile has a slight bulge, 
indicating it is just beginning to function.) 
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Figure B-10. Flash X-Ray - Mod III - Fuzed Projectile 201 
Microseconds After 2625-ft/s Impact with 
0.0625-inch Aluininum at 0-degree Obliquity 
[Note that it is beginning to fragment (delay = 
6.3 inches)] 

I 

Figure B-ll. Inflight Flash X-Ray of Mod-Ill - Fuzed 
Projectile Before 2611-ft/s Impact with 
0.0625-inch Aluminum at 0-degree Obliquity 
(This unit subsequently functioned high-order 
with a delay of 6. 3 inches) 

112 

-.. ^ ,;*:L^:.A:^^.< ^-^^^|[ ^>:--^y:t^^^^»!b^JB^j^xc.a.^:^vh':':. 



••^""'■-""■«WJ'I  I. |l.|lnmU!.BWW"J    ' "   ■'■"■ '"  ■'.■■!■■■ ■■'<i.i   ■■!   ■ii...i|     ■mv^m. . mw«,-mw*m<« ••  -u, I..     ULI. J Hill I   nilinilll Wl.mww W'1"111"-" UI..1J .1 HJW^ 

INITIAL DISTRIBUTION 

HQ USAF/SAMI 1 
AFIS/INTA 1 
ASD/ENFEA 1 
Ogden ALC/MMWM 2 
TAWC/TRADOCLO 1 
AFATL/DL 1 
AFATL/DLD 1 
AFATL/DLOSL 9 
ADTC/SD-20 10 
DDC 2 
AUL (AUL-LSE-70-239) 1 
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ERRATA 

AFATL-TR-76-10r. 

DEVELOPMRMT OF XMTl^A? 

DELAY PtJNCTION FJZE 

AIR FORCE ARMAMENT LABORATORY 

ARMAMENT DEVELDPMPUT AND TEOT CETTTER 

EGLIN AIR FORCE, BASE, FLORIDA 

1. Replace existing pages 25-26, 29-30, 31-32, 75-76 with attached pages. 

2. Ibis errata Is unclassified. 
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SECTION IV 

FUZE EVALUATION 

PLANNED VERSUS ACTUAL TESTS 

The contractor's original approved test plan is shown in Table 3,    It called 

for 230 tests.    Planned quantities are compared with actoal test quantities 

below: 

Early Tests 

Final Tests 

Supplemental Tests 

Pre-LAT 

Final-LA T 

Post-Delivery Tests 

Subtotal 

Miscel'aneous Lab Tests 

Total 

Planned Actual 

80 79 
120 120 

0 44 

0 20 

30 20 

0 90 

230 373 

0 51 

230 424 

EARLY TESTS 

Early tests included 37 structural impact gun tests and 42 all-up round delay 

function gun tes'.s (37 + 42 = 79 as shown above).   The 51 miscellaneous 

laboratory testj conducted during the program are also discussed in this 

section. 
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(2) Both 17-4PI! and C1144 ogives with wall thickness of 0. 03 and 0. 04 

inch failed on impact with 0. OH-inch 2024-T3 aluminum targets at 

80-degree obliquity; however,  the detonators functioned properly 

into the leads on most units.    The 0. 05-inch-walled 17-4PH and 

C1144 ogives withstood 0.09-inc;h,  80-degree impacts.    The CH44 

ogive with 0.05-inch wall was selected for follow-on fabrication and 

delivery as it provided the best performance (see units 21-25, 

Table 4) and because of its low cost and excellent maohinabilit.y 

(see Table 2). 

(3) Certain changes were made to the C1144 ogive to furcher increase 

structural integrity during impact.    These changes included addition 

of 0. 015 to 0. 005 H fillets in the piston and body assembly bore and 

increasing the minor thread diameter. 

(4) Only one arming failure wi.s noted in 25 shots.   This appeared to be 

caused by deformation of the glass-filled nylon upper body during 

setback. 

A second,   12-shot,  softcatch test was conducted at high and low velocity to 

analyze structural integrity of internal parts because of the deformation 

noted in (4) above.    The test plan was as follows: 

WC870 
Qty        Prupellant 

Weight (gm) 

3 40 

3 40 

3 25 

3 25 

Velocity 
(ft/s) 

3700 

3700 

2500 

2500 

Fuze Design 

Baseline Inertial,  per Figure 6  (Mod 1), 

Alternate Ball Release Stored Energy per 
Figure 6 (Mod IT). 

Baseline inertial per Figure 6  'Mod J). 

Alternate Ball '        .se Stored Energy per 
Figure G (M.'1 
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Each of the four above defined three-unit groups consisted of two fuzes with 

lockweights and one without iockweights. All 12 fuzes contained inert deto- 

nators and leads and were attached to HEl-filled projectiles. The units were 

fired into a polystyrene-bead-filled catcher placed 100 feet downrange from 

the gun muzzle. Projectile velocity was determined using coils placed 18 and 

28 feet downrange from the muzzle. Projectile accuracy was monitored for 

high- and low-velocity units with results as follows: 

• At 370C ft/s:   average mean radius = 1. 10 mil at 100 feet 

• At 250C ft/s:   average mean radius = 0.60 mil at 100 feet 

These accuracy values did improve with the end item because a consistent 

ogive wall thicki\ess (consistent projectile weight) was specified; i.e.,  wall 

thickness of 0.03 to 0.05 inch produced projectile weight variations of 1158 

grains to 1226 grains respectively. 

Fuze design, velocity at 23 feet downrange, and softcatch recovery measure- 

ments (before and after test) are given in Table 5.    Conclusions were as 

follows: 

(1) All fuzes were fully armed c\t entry into catcher.    This was evi- 

denced by the firing pin imprinting the center of the inert detonator. 

(2) Crushwashers deformed properly under setback loads.   Washer 

thickness was 0.026 inch minimum, and the outside diameter was 

0,487 i.ich maximum.    There was no difference between high- and 

low-velocity units. 

(3) Lower oody deformation from setback loads does not prevent rotor 

arming or restrict body assembly movement during delay function. 

Imprints of the rotor and roller weight, in the out-of-line position, 

were evident in the lower body.    Heavy imprints, 0.005- to 0. 010- 
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THIS PPOGRAH tOdPUTLS SIXF  DESTRUCT SPIN RATE ANC- 
TU.  CHANGE   IM PROJECTILE VELOCITY RQUI ED TO 
TRIGGER  THE  XIVV; TYPE OF BALL RELEASE HECHANISn 
AS  A FUNCTION OF FUZE PARAPETERSi    FIRING PIN 
ENLPGY.   DELAY FUNCTION TIPE.  AND PROJECTILE 
TRAVEL DISTANCE KTIiEEN TARGET  IPPACT AND 
DLTONATION AS A FUNCTION OF FIRING PIN-DETONATOR 
CLEARANCE   IS ALSO COTPUTEDi    A  DETONATOR   INITIATION 
TinE OF  5D PlICROSECONDS  IS ASSLTED AFTER  IWAa 
yiTH THE  FIRING PIN.    ALSO. 0 PIUST BE EttUAL 
TO OR GREATER THAN DX FOR ENERGY CALCULATIONS. 
ANGLEl.   ANGLE5.  ANGLE3.  RN.  SPIN!     35.  ,0..  0..  3..  SD6&, 

UN.  UB.  UP! .antni?. .00573. •a 

FSO.   FPO.   RKS.  RH-P!   S.A,  55.  q.5.   3.33 

FO.  FB.   FR.  FH!     ,E ,.075.   .07^-5. 

YHAX.   DX.  E.  YHIN!     .31St2.   .03.   .01.   .I'W'l 

.0- Fil = O.i 

VP,   DV.  OC.   DC.  CTIAX!     3500..  It.5.   >W-   .01.   .101 

TRIGGER VELOC 
SELF  DESTRUCT 

F.P. 
CLEARANCE 

(INCH) 
0.04X10000 
o.osnaoDao 
QiCEPPFfPR 

ITY(FPS)= 
SPIN RATE(RPS)= 

F.P. 
ENEFiGY 
(IN-OZ) 

3.51330PW 
5.cfcafl07ia 
5.bcB«<30 

u.imimr 
a.oqoGaiD 
D.ioaoaaoi 

HÖRE RUNS',   li 

g.<ogiqqi 
3.[flL«ffi34 
i.Tta^^flii 
i.aaoi^as 

=YES. 5.=N0!  1. 

7.aDfl573flFI 

DELAY 
TIPE 

(PIICROSEC) 

3?1.9713554^ 
3q<.773ab475 
4=3.055350*1 

bl';.3D3R550ö 
7D0.Sqi753t3 

DELAY 
DISTANCE 

(INCH) 
u.aaaaaa 

lb. 50^0^5 

•m mmm um ' 
3r..bflCfcinfct 
?1.30C3blb3 

ANGLE1.   ANGLE5.  ANaE3. RN.  SPIN!   ffi..  0..  0..  S,,  3046. 

UN.  UB.  UP!   .000017.   .00573.   .0 

FSO.  FPO,  RK.S.  RKP!   5>C,   .55.  1.1.  3.33 
 ' m B 0,17? 

VTIAX.  DX.   E.  YPIINI   .PlSta.   .05.   .OL.   .I'VP 

VP.  DV.  C.  DC. CPIAX!   3500.. lb.3.   .0*.   .01.   .101 

TRIGGER VELOCITY(FPS)= q.eflwaöa. 
SELF  DESTRUCT SPIN RATE(RPS)= IQM.1513.718 

F.P.                        F.P, DELAY DELAY 
CLEARANCE              ENERGY TIPE DISTANCE 

(INCH)                   (IN-OZ) (PIICROSEC) (INCH) 
0.04JLUJUU         5.0367134. SflT.aasqBTSD        15.011eCI5b7 
O.OSOOGOOO      i.SRanam    abi. 5357055?     is.waeiqsD 
a.cEPPPPm      o.'cea.ea    4.s.i54i3m     11.0575015 

S.47flt.a7?l I Oiaflwrn 
u.uaumjuu 

0.344.5170 bCn.473b35äl 

O.CFOOOOOO 0.00000000 
D.ioDtDoni      o.cmnno 

PIORE RUNS? l.-YES. 5.«N0! 5. 

STOP.    DONE 

fa) 
•y Upper 
Body 
Ijpfomatlon 

' 

(h) 
With Upper 
Body 
Deformation 

Figure 18.     Calculated Fuze Mod IV Sensitivity  (3500-ft/8, O-degree 
obliquity impact against 0.063-inch 2024-T3 aluminum) 
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500-Meter Function Demonstration 

The 2ü-shot 500-meter function demonstration was conducted on 4 August. 

Egiin AIT. sent 20 of the deiiverable projectiles back to ttie ccntractor for this 

test.    The test involved firing the projectiles at maximum velocity against 

0.125-inch 2024-T3 aluminum targets placed 500 meters dowr.range at 

0-degree obliquity.    Instrumentation included velocity coils and LOCAM 

color movies behind the target as shown in Figure 19. 

U   '  1 

UARREI 

D 
VLIOCIT . 

( OILS 

10 

n    n 

-/>-- 

  500 MCTtRS   

H-F1 K SIT < 
0.U5-INCH 
2024-T3 
Al Ui.llNUM 
TARGET 

■VITHLbS 
I'ANCL 

LOCAM        H\ 
CAMERA     l_J 

Figure 19.    500-meter Function Demonstration Test Setup 

Initial conditions were as follows: 

• Fuze -- XM714A3 Mod XI as defined in Figure 1 

• Projectile -- 1226-grain polyarylene-banded thin-wall projectile 

containing 193 grains of LCA 1 HEI mix (Figure 2) 

• Cartridge -- M103 case with 610 grains        .5 gram,' of Olin WC870 

ball propellant (Figure 3) 

16 

II  ||   ^—^-—-^--- tutOb ^J^,i.^^*«^«^..^r.fe:...:-.. iai^nivr^ia^^rjiiflfc.if.r^^fffiiii'*^^*'"^ 


